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Novel guanidinyl-substituted hydraxy-Oiihenylphenanthrtdlnes 

Fiftld of application of t h» invention — 

The invention relates to novel guanidinyl-substituted hydroxy-6-phenylphenanthridine derivatives, whi< 
are used in the pharmaceutical industry for the production of pharmaceutical compositions. 

Known tech nical background 

The International Patent applications W099/57118 and WO02/05616 describe 6- 
phenyiphenanthridines as PDE4 inhibitors. 

In the International Patent application WO99/051 12 substituted 6-alkytphenanthridines are described 
as bronchial therapeutics. 

In the International Patent application WO02/066476 benzonaphthyridine derivatives are described 
which have a guanidyt substituent 

In the European Patent application EP 0490823 dihydroisoquinoline derivatives are described which 
are useful in the treatment of asthma. 

Pascriotion "««ift invantlon 

It has now been found that the novel guanidinyl-substituted 2- or 3-hydrmty-6-phenylphenanthriclines 
described in greater detail below differ from the previously known compounds by unanticipated and 
sophisticated structural alterations and have surprising and particularly advantageous properties. 

The invention thus relates to compounds of formula 1, 




R31 



R7 



in which 
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R1 is hydroxy!, 1-4C-alkoxy r 3~7C-cyc]oa[koxy, 3-70-cyclaalkylmethoxy, 2,2-difluoroethoxy, or 
J completely or predominantly fluorine-substituted 1-4C-alkoxy, 

1 R2 f^hydro^ 

1 completely or predominantly fluorine-substituted 1-4C-alkoxy, " 

or in which 

J R1 and R2 together are a 1-2<>alkylenedioxy group, 

R3 is hydrogen or 1-4Csalkyl ( 

R31 is hydrogen or 1 -40alkyl f 
i either, in a first embodiment (embodiment a) according to the present invention, 

| R4 is-0~R41,inwhich 

! R41 is hydrogen, 1 -4C-aJkyl, completely or predominantly fluorine-substituted 1 -4C«alkyl, 1-40alkoxy- 

1-4C-alkyl t hydroxy-2-4C-alkyl or 1-7C-alkylcarbonyf. and 
| R5 is hydrogen or WOalkyl, 

1 or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen or l-4C-alkyl, and 
R5 is-0-R51 f in which 

j RS1 is hydrogen, 1 -4C-alkyl, completely or predominantly fluorine-substituted 1 -4C-alkyl, 1-4C~alkoxy- 

1-4C-alkyl t hydroxy-2-4C-alkyl or 1-70alkylcarbonyl, 
R6 is hydrogen, halogen, nitre, 1-4C-alkyl, trifluoromethy! or 1-4C-alkoxy, 
R7 is a radical of formulae (a), (b), (c) or (d) 




in which „ _. 

if R7 is a radical of the formula (b), 
either 

R8, R9 ( R10 and R11 independently of one another are hydrogen, 1-7C-alkyl, 3-7C^cIoalkyl, 
3-7C-cyc|oalkylmethyl, cyano, hydroxy-2-4C-a!kyl, 1-4C-alkoxy-2-4C-alkyl or R28, 

or 

RB is hydrogen, 1-7C-alkyl, 3-70cycloaIkyl, 3-7C-cycloa!kylmethyi, hydroxy-2-4C-alkyl. 1-4G- 
alkoxy-2~4C~alkyI or R28, 

R9 is is hydrogen, 1-7C-a|kyt, 3-7C-cyctoalkyl, 3-7C-cycloalkylmethy|, hydroxy-2-4C-alkyl r 1-4C- 
alkoxy-2-4C-alkyl or R28. and 

R10 and R11, together and including the nitrogen atom to which both are bonded, are a pyrrolr- 
din-1-yl, piperidin-1-yl. azepan-1-yl, azocan-1-yl, azonan-1-yl, azecan-1-yl. morpholin-4-yl, tetra- 
hydrolsoquinolin-2-yl, tetrahydro-SJ-dimethoxyisoquinoIin^-yl, 3 t 5-dimethyl-pyrazoM -yl, 
pyrazol-1-yI, 2,6-dimethyhmorpholin-4-yl l 2,6-dimethyl-pipendin-l-yl, 4-benzyl-pIperidin-1-yl, 
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thtomorpholin-4-yl or 1H-1,2 t 4-triazol-1-yl radical, or a piperazin-1-yl radical substituted in 4- 
position byR19, 

or ~ ' " ~ 

RSJSLhydrogen, l-7C-alkyl, 3-7C-cycloalkyl, S^fecycloalkylmethyl, hydroxy-2-4C-alkyl, 1-4C- 

alkoxy-2-4C-alkyl or R28, 

R9 is hydrogen, 1-7C-alkyl, 3-7C-cycloallcyl, 3-7C-cyc!oalkylmethyl t hydroxy-2-4C-alky1, 1-4C- 
alkoxy-2-4C-alkyl or R28, 

R10 is hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl, hydroxy-2-4C^alkyl, 1-4C- 
alkoxy-2-4C-alkyl or R28, and 

R1 1 is Aryll, naphthyl, phenyl, phenyl substituted by R20 and/or R21, phenyH-4C-aikyl or 
phenyl-l-4C-a1kyl substituted by R22 and R23, 

in which 

if R7 is a radical of the formula (c), 
either 

R12, R1 3, R14 and R15 independently of one another are hydrogen. 1-7C-alkyl, 3-7C-cyclo- 
alkyl. 3-7C-cyctoalkylmethyl, hydft>xy-2-4C-alkyl, 1-40alkoxy-2-4C-alkyl or R28, 

or 

R12 and R13 independently of one another are hydrogen, 1-7C-alkyl t 3-70cycloalkyl, 
3-7C-cycloalkylmethyl. hydroxy-2-4C-allcyl, 1-4C-alko)cy-2-4C-alky|or R28, and 
R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperidin-1-yl, azepan-1-yl. azocan-1-yl, azonan-1-yl, azeoan-1-yl, morphoIin-4-yl, 
tetiahydrolsoquinorin-2-yl, tetrad 3,5-dimethyl-pyrazoM-yl, 
pyrazoM-yl, 2,8-dimethyl-morpholin-4-yl. 2,6-dimethyl-piperidin-l-yl, 4-benzyl-piperidjn-l-yl, 
thiomorpholin-4-yl or 1H-1,2,4-triazoM-yl radical, or a piperazin-1-yl radical substituted In 4- 
positionbyR19, 

_or — — 

R12 and R13. together and including the nitrogen atom to which both are bonded, are a pyrroll- 
din-1-yl, piperidin-1-yl, azepan-1-yl, morpholino-4-yl. 4-(l^C-alkyl-)-piperazin-1-yl, 2.6-dimethyl- 
morpholin-4-yl. 2,6-dimethyl-piperidin-1-yl. 4-benzyl~plperidin-1^yl or thiomorpholin-4-yl radical, 
and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
dine. piperidln-1-yl, azepan-1-yl, morpholino-4-yi. 4-(1^0-alky|-)-piperazin-1-yl. 2,6-dimethyl- 
morpholin-4-yl, 2,6-dimethyKpiperidin-1^l, 4-benzyi-piperidin-l-yl or thiomorpholin-4-yl radical, 

or 

R1 2 and R1 5 Independently of one another are hydrogen or 1 -4C-alkyl. and 

R13 and R14, together and with inclusion of the N-C(=)-N structure to which they are bonded. 

are a hexahydropyrimidin-2-ylidene or imidazolidin-2-ylidene radical, 



in which 
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jf R7 is a radical of the formula (d), 

R1S is hydrogen, 1-7C-aikyl, 3-7C-cycloallcy| f 3-7C^ycloaIkylmethyl, hydroxy-2-4C-alkyl l 1-4C- 
alko5^2=4C^II^I^ 

R17.and_R18, together arcJjvith inclusion of the N-C(-)-N structure to whi ch they are bonded are 
Aryl2, 

AryH is 4-methylthiazol-2-yl f benzimidazol-2-yl, 5-nitrobenzimidazol-2^y|, 5^hlorobenzimidazol-2-yl ( 
5-methyIbenzimidazoI-2-yl, 4-methylquina20lIn-2-yl, benzothiazoi-2-yl, benzoxazo|-2-yl or pyrimi- 
din-2-yl, 

Aryl2 is 1-methyl-4-oxo-4,5-dihydro-1H-imidazol-2-yl, imidazol-2-yl, 4,S-dicyano-imidazaf-2-yl 1 4-me- 
thyWmldazol«2-yl, 4^thyl-benzimidazol-2-yl l 4-acetyHmidazo|-2-yl, 1H41 l 2 f 4J»ria»l«3^l l benz- 
imidazol-2-yl, 1-methyl-benzimidazol-2-yl, 1-e%l-benzimidazof-2-yl, 5 k S-dimethyl-benzimidazol- 
2-yI, purin-8-yi, 6-amino-7-methyl-7H-purine-B-y| f l^-dimethytimidazo^.S-blpyridin^yl, 1,5,6m 
trimemyJimidazo[4,5-b]pyridin-2-yU,^^ 

methyl-3 ? 7-dihydro-pmrine-2 f 6-dione-8-yl ( 1 .S^-trimethyf-aj-dihydro-purlne^je-diono-a-yl, thia- 
diazolyl, l^-dihydrotetrazol-S-yl, IH-tl^^triazol-a-yl, 1 r 3<iihydrobenzt midazol-5-yl, IH-tetrazoJ- 
5-yl, pyrimidin-2-y| or 4,6-dimethyl-pyrimidin-2-yl f 

R19 is l-4C-alkyl, formyl, 3-70-cycloalkyl, 3-7C<yc[oa|kylmethyl, 1-4C-alkoxycarbonyl-1-4C-alkyl ( 1- 
4C-alky1carbonyl, hydroxy-2-4C-alkyf, 1-4C-alkoxy-2-4C-alkyl, hydroxy-2-4C-alkoxy-2-4C-alkyl, 
I^C^alkoxy^C-alkoxy^C-alkyl, phenyl, phenyl substituted by R24 and/or R25, 
[benzo(1,3)dioKo|]-5«yImethyl i phenykMC-alkyl or phenyM-4C-alkyl substituted in the phenyl 
moiety by R2S and/or R27, 

R20 is halogen, nitro, carboxyl, l-4C-alkyl. trifluoromethyl or 1-4C-alkoxy, 

R21 is halogen, 1-4C-alkyf or 1-4C-alkoxy, 

R22 is halogen, nitro, carboxyl, "MOaUcy!, trifluoromethyl or 1~4C-alkoxy, 
R23 is halogen, 1 -4C-aIkyl or 1-4C-alkoxy, 

R24 Is halogen, nitro, carboxyl, 1-4C-alkyl, 1-40alkylcarbonyl, trifluoromethyl or 1-40alkoxy, 

_ R25_ Js halogenJ^C-all^LorJ^C^Ik^,, 

R26 is halogen, nitro, carboxyl, 1-4C-alkyl, trifluoromethyl or l^C-alkoxy, 
R27 is halogen, 1-4C-alkyl or 1-4C-alkoxy, 
R28 is R29(R30)N-2^C-aIkyl wherein 

R29 and R30, together and including the nitrogen atom to which both are bonded, are a pyrrolidin-1 -yi, 
piperWin-1-yl, plperazin-1-yl f 4-(1-4C-alkyHpiperazin-1-yl, azepan-1yl, azocan-1-yl, azonan-1-y), 
azecan-1-yl, tetrahydroisoquinolin-2-yl, tetrahydrcH6 ( 7-dimethoxyisoquinolin-2-yl, 3,5-dimethyi- 
pyrazokl-yl, pyrazoH-yl, morphoiin-4~yl ( 2>6«dimethyl-morpholin-4"yf, 2,6-dimethyl-piperidin-1-yl, 
4-benzyl-piperidin-1-yl, thiomorpholin-4-yl or 1H-1 f 2,4-triazoM-yl radical, 

the salts of these compounds, as well as the N -oxides, enantiomers, E/Z isomers and tautomers of 

these compounds and their salts. 
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1*4C-Alkyl represents a straight-chain or branched alkyl radical having 1 to 4 carbon atoms. Examples 
which may be mentioned are the butyl, isobutyl. sec-butyl, tort-butyl, propyl, isopropyl and, preferably, 
Fie^tliyrandTTretiwn^f ca,s: " 



2- 4C-Alkyl represents a straight-chain or branched alkyl radical having 2 to 4 carbon atoms. Examples 
which may be mentioned are the butyl, isobutyl, sec-butyl, tort-butyl, propyl, isopropyl and. preferably, 
the ethyl radicals. 

1-4C-Alkoxy represents radicals which, in addition to the oxygen atom, contain a straight-chain or bran- 
ched alkyl radical having 1 to 4 carbon atoms. Examples which may be mentioned are the butoxy. iso- 
butoxy. sec-butoxy, tert-butoxy. propoxy, isopropoxy and. preferably, the ethoxy and methoxy radicals. 

3- 7C-Cyctoalkoxy represents, for example, cyclopropyloxy. cyclobutyloxy. cyclopentyloxy, cyclohexyloxy 
and cycloheptyloxy, of which cyclopropyloxy, cyclobutyloxy and cyclopentyloxy are preferred. 

3-7C-Cycloalky!methoxy represents, for example, cyclopropylmethoxy, cyclobutylmethoxy, cyclopentyl- 
methoxy, cyclohexylmethoxy and cydoheptylmethoxy, of which cyclopropylmethoxy, cyclobutylmethoxy 
and cyclopentylmethoxy are preferred. 

As -MC-Alkoxy which is completely or predominantly substituted by fluorine, the 2,2,3,3,3-pentafluoro- 
propoxy, the perfluoroethoxy, the 1.1,2,2-tetrafluoroethoxy. the 1,2,2-trifluoroethoxy, the trifluorometh- 
oxy, in particular the 2.2,2-trifluoroethoxy, and preferably the difluoromethoxy radicals, for example, 
may be mentioned. In this context, "predominantly- means that more than half of the hydrogen atoms of 
the 1-4C-alkoxy groups are replaced by fluorine atoms. 

1-2C-Alky|enedioxy represents, for example, the methylenedioxy (-O-CrVO-) ortheethylenedioxy 
(-O-CHz-CHz-O-) radical. — 



If R3 and R31 together have the meaning 1-4C-alkylene. the positions 1 and 4 in compounds of the 
formula 1 are linked to one another by a 1^C-alkylene bridge, 1-4C-alkylene representing straight- 
chain or branched alkylene radicals having 1 to 4 carbon atoms. Examples which may be mentioned 
are the radicals methylene [-CrVl, ethylene [-CH 2 -CHH trimethylene [-CHrCH 2 -CH 2 -], 1 ,2-dimethyl- 
ethylene [-CH(CHa)-CH(CH 3 H and isopropylidene [-C(CH a )z-l. 

Halogen within the meaning of the invention is fluorine, chlorine or bromine. 

1-7C-Alkyl represents straight-chain or branched alkyl radicals having 1 to 7 carbon atoms. Examples 
which may be mentioned are the heptyl, isohepty! (5-methylhexyl), hexyl, isohexyl (4-methylpentyl), 
neohexyl <3,3-dimethylbutyl), pentyl, isopentyl (3-methylbutyl), neopentyl (2,2-dimethylpropyl), butyl, 
isobutyl. secNbutyl, tort-butyl, propyl, Isopropyl, ethyl or methyl radical. 



I 
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3-7C-CycIoalkyl represents the cydopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cyclohepiyl radical 



3-7C-CycIoalkylmethyl represents^methyJ radical which is substituted by one of the abovementioned 
3-7C-cyc|oa!kyl radicals. Examples which may be mentioned are the cycloalkylmethyl radicals cycle- 
propylmethyl, cyclobutylmethyf and cyctopentylmethyl, 

Hydroxy-2-4C-a|kyl represents 2-4C-alkyl radicals which are substituted by a hydroxy! group. Examples 
which may be mentioned are the 2-hydroxyethyl and the 3-hydroxypropyl radicals. 

An example which may be mentioned for a hydroxy-2^C-alkoxy-2-4C-alkyl radical is the (2- 
hydroxyethoxy)ethyl radical. 

An example of a 1-4C-alkoxy-2-4C-alkoxy-2-4C-aIKyl radical is the (2-methoxyethoxy)ethy| radical 

1^C-Alky|carbonyl is a carbonyl group to which one of the abovementioned 1-4C-alkyl radicals is 
bonded. An example is the acetyl radical [CHaCtO)-]. 

1-4C-Alkoxycarbonyl is a carbonyl group to which one of the abovementioned 1-4C-aikoxy radicals is 
bonded, Examples are the methoxycarbonyl [CH 3 O-C(0)-] and the ethoxycarbonyl [CH a CH*<>C(OH 
radical. 

1^C^AIkoxycarbonyM-4C-alkyl stands for one of the abovementioned 1-4C-alkyI radicals, which is 
substituted by one of the abovementioned 1-4C-alkoxycarbonyl radicals. An example is the 
ethoxycarbonylmethyl radical [CH 3 CH 2 OC(0)CH;r]- 

1 r4C-Alkoxy-2-4C-al ky I represen ts a 2-4C-alkyl rad ical, which is substituted by one of the 

abovementioned 1-4C-aIkoxy radicals. Examples which may be mentioned are the methoxyethyl and 
the ethoxyethyl radical. 

PhenyM-4C-alkyl radicals stand for one of the abovementioned 1-4C-alkyl radicals substituted by an 
phenyl group. Examples which may be mentioned are the phenylethyl and the benzyl radical. 

R29(R30)N-2-4C-alkyl radicals stand for one of the above-mentioned 2-4C-radica|s substituted by an 
R29(R30)N- group. Examples which may be mentioned are morpholin-4-ylethyl and the thiomorpholin- 
4-ylethyl radicals. 



!, N-oxides of these compounds" stands for any single or multiple N-oxide(s), which can be formed star- 
ting from the compounds of formula 1 , as well as any mixtures of the single or multiple N-oxides in any 
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mixing ratio. Preferred are the single N-oxides at the nitrogen atom in 5-position of the phenanthridine 
ring system. 



in the formulae (a), (b) f (c) or (d) the horizontal dotted.lines Indicate 

~\- T V 2 T 

X, (a) X (b) „ (c) N <b, 



(d) 

that R7 is bonded to the carbonyl group in formula 1 via the bond that bears the horizontal dotted line. 
The additional dotted lines in formula <d) indicate that there can be in the Indicated positions a single or 
a double bond. 

The substituents R8 and -C(0)R7 of the compounds of the formula 1 can be attached in the ortho, 
meta or pare position with respect to the binding position in which the 6-phenyl ring is bonded to the 
phenanthridine ring system. Preference is given to compounds of the formula 1 , in which R6 Is 
hydrogen and -C<0)R7 is attached in the meta or in the para position. 

Suitable salts of compounds of the formula 1 - depending on substitution - are all acid addition salts or 
all salts with bases. The pharmacologically tolerable salts of foe inorganic and organic acids and bases 
customary used in pharmacy may be particularly mentioned. Those suitable are, on the one hand, 
water-soluble and water-insoluble acid addition salts with acids such as, for example, hydrochloric acid, 
hydrobromic acid, phosphoric acid, nitric acid, sulfuric acid, acetic acid, citric acid, D-gluconic acid, 
benzoic acid, 2-(4-hydroxybenzoyl)benzoic acid, butyric acjd, sulfosalicylic acid, maleic acid, lauric acid, 
malic acid, fumaric acid, succinic acid, oxalic acid, tartaric acid, embonic acid, stearic add, toluenesul- 
fonic acid, methanesulfonic acid or 3-hydroxy-2-naphthoic acid, where foe acids are employed in salt 

. preparation -.depending on whether a monomer pojybasica cid Is conce rned and depe nding on which 

salt is desired - in an equimolar quantitative ratio or one differing therefrom. 

On foe other hand salts with bases are also suitable. Examples of salts with bases which may be 
mentioned are alkali metal (lithium, sodium, potassium) or calcium, aluminum, magnesium or titanium 
salts, where here too the bases are employed in salt preparation in an equimolar quantitative ratio or 
one differing therefrom. 

Pharmacologically intolerable salts which can be obtained first, for example, as process products in the 
preparation of the compounds according to the invention on an industrial scale, are converted into 
pharmacologically tolerable salts by methods known to the person skilled in the art 

It is known to the person skilled in the art that the compounds according to the invention and their salts, 
for example when they are isolated in crystalline form, may comprise varying amounts of solvents. 
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Accordingly, the invention also embraces all solvates and in particular ail hydrates of the compounds of 
the formula 1 F and also all solvates and in particular all hydrates of the salts of the compounds of the 
formula 1. — 



Compounds of the formula 1 to be emphasized are those in which 

R1 is hydroxyl f 1-40-alkoxy, 3-7C-cycloalkoxy, a-TC-cyctoalkylmethoc/, 2,2-difluoroethoxy, or 

completely or predominantly fluorine-substituted 1-4(>3lkoxy l 
R2 is hydroxy!, 1-4G-3lkoxy, 3-7C-cycloalkoxy. 3-7C<ycIoalkylrnethoxy, 2,2-difluoroethoxy, or 

completely or predominantly fluorine-substituted 1-4C-afkoxy, 
or in which 

R1 and R2 together are a 1-2C-alkylened(oxy group, 
R3 is hydrogen or 1 -40-afkyl, 
R31 is hydrogen or 1-4C-alkyl. 

either, in a first embodiment (embodiment a) according to the present invention, 

R4 is-0-R41,inwhfch 

R41 is hydrogen or 1-7C-alkylcarbonyl, and 

R5 is hydrogen, 

or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 is -Q-R51 , in which 

R51 is hydrogen or 1-7C-alkylcarbonyK 

R6 is hydrogen, halogen, nitro, 1-4C-alkyl, trifluoromethyt or 1-4C-alkoxy, 
R7 is a radical of formulae (a), (b), (c) or (d) 



in which 

if R7 is a radical of the formula (b), 
either 

R8, R9, R10 and R11 independently of one another are hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl, 
3-7C-cycloalkylmethyl or hydroxy-2-4C-aikyl, 

or 

R8 Is hydrogen, 1-7C-aikyI, 3-7C-cycloalkyl, 3-7C-cydoa!kylmethyl or hydroxy-2-4C-alkyl, 
R9 is hydrogen, 1-7C-aIkyI> 3-70cycioalkyl f 3-7C-cyc!oalkylmethyl, hydroxy-2-4C-alkyl, and 
R10 and R11, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperidfn-1-yl, azepan-1-yl, azocan-1-yl, azonan-1-yl, azecan-1-yl, morpholin-4-yl t tetra- 
hydro]soquinolin-2-yl, 3,5^imetliyi-pyraoM-y|, pyrazol-1-y), 2 1 6-dimethyhmorphoIin-4-yl, 2,6-di- 
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methyl-piperidin-1-yl, th.omorpholin-4-yl or lH-1,2.4-triazoM-yl radical, or a piperazin-1-yl radical 
substituted in 4-position by R19, 



or 



R8 is hydrogen, 1-7C=alkyl, 3-7C-cyeioj|lkyl, S-TC^ycloalkylmethyl or hydroxy-2-4C^|kyl, 
R9 is hydrogen, 1-7C-alkyl. 3-7C-cycloalkyl, 3-7C-cycloalkylrnethyl or hydroxy-2-4C-alkyl, 
R10 is hydrogen, 1-7C-alfcyl. 3-7C-cycloalkyl, 3-7G^yc|oalkylmethyl or hydroxy-£-4C-alky|, and 
R11 is Aryll, naphthyl, phenyl, phenyl substituted by R20 and/or R21, phenyl-1-4C-alkyl or 
phenyl-1-4C-alkyl substituted by R22 and R23, 



in which 

if R7 is a radical of the formula (o). 
either 

R12, R13. R14 and R15 independently of one another are hydrogen, 1-7C-alkyl. 3~7C-cyclo- 
alkyl. 3-7C-cycloalkylmethyl or hydroxy-2^C-alfcyl. 

or 

R12 and R1 3 independently of one another are hydrogen, 1-7C-alkyl, 3-7C-cycloall<yl, 
3-7C-cycloalkylmethyl or hydroxy-2-4C-alkyl, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
dine, piperidln-1-yl. azepan-1-yl, azocan-1-yl, azonan-1^yI. azecan-1-yl, morpholln-4-yl, 
tetrahydroisoquinolin-2-yl, 3.5-dimethyl-pyrazoM-yl, pyrazol-1-yl, 2,6^imethyl-morpholin-4-yl, 
2,6*dimethyl-piperidin-1-yl. ihiomorphoIin-4-yl or1H-1.2,4-triazol-1-yl radical, or a piperazln-1-yl 
radical substituted in 4-position by R19. 

or 

R12 and R13, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
dine, piperidin-1-yi, azepan-1-yl, morpholino-4-yl. 4-(1-4C-alkyl-)-piperazin-1"yl, 2,6-dimethyl- 
morpho!in-4-yl, 2,6-dimethyl-piperidin-1-yl or thiomorpholin-4-yl radical, and 
R14 and R15, togefter^adjncludjogihe n^ both_are bonded, are a pyrroli- 

dine, piperidin-1-yl, azepan-1-yl, morpholino-4-yl. 4Hl-4C-a!kyl-)-piperaan-1-yl. 2,e-dimethyl- 
morpholin-4-yl, 2,6-dimethyl-piperidin-l-yl or thiomorpholin-4-yl radical, 

or 

R12 and R15 independently of one another are hydrogen or 1-4C-alkyl. and 

R1 3 and R14, together and with inclusion of the N-C(=)-N structure to which they are bonded, 

are a hexahydropyrimidin-2-ylidene or imidazolidin-2-ylidene radical, 



in which 

if R7 is a radical of the formula (d), 

R16 is hydrogen. 1-7C-alkyl. 3-7C-cycloalkyl, 3-7C-cyc|oalkylmethyl or hydroxy-2-4C-alkyl, ai 
R17 and R18, together and with inclusion of the N-C(-)-N structure to which they are bonded 
Aryl2, 
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Aryll is 4^methylthiazol-2-yl, benzimldazol-2-yl, 5-nitrobenzimidazo[-2-y| ( S^hlorobenzimidazol^-yl, 
e-methylbenzimidazol-a-yl, 4-methylquinazolin-2-yI t benzothiazo|-2-yl. benzoxazaI-2-y| or pyrimi- 

dih^yi; " 

Aryl2 i$4-memyl^xcH*,5-dihydror^ 4-me- 

thyMmidazol-2-y|, 4-ethyt-benzirnidazol-2-yl f 4-acetyI-Imidazol-2-yl t IH-II^^JtriazoW-yl, benz- 
fmidazol-2-yl, 1-methy!~benzimidazoI-2-yl, 1-ethyl«benzimfdazol-2-yl f S^imethyl-benzimidazol- 
2-yl. purin^yl.S-amino-y-methyl^H-purine-a-yl, 1 ( 6"dimethylimidazo[4 T 5-b]pyridin-2-yl t 1,5,6- 
trimetiiylimidazo[4 ? 5-bJpyridin-2-yl t 1 .S-dimethyW.Z-dihydra-l H^urIne-2,6<|ione-8-yl f 7-ethyl-3- 
methyl-S.T-dihydro-purin^^-dione-a-yl. 1 ^^-tnmethyl-S J-dihydro-purine^.B-dione-S-yl, thia- 
diazolyl, 1,4-dihydrotetrazoI-5-yl, 1H-[1,2/qtriazoI-3-yl, 1,3^ihydrobenzimidazol~5>-y|, iH-tetrazol- 
5-yl, pyrfmidin-2-yl or4 t 6-dimethyl-pyrimidin-2-yl ? 
R19 is 1-4C-alkyl, formyl, 1-40alkylcarbonyl f 2-hydraxyethyI, phenyl, phenyl substituted by R24 
and/or R25, phenyM-4C-alkyl or phenyl-1-4C-a!kyl substituted in the phenyl moiety by R26 
and/or R27, 

R20 is halogen, nitro. carboxyl, 1-4C-alkyl, trifluorornethyl or 1-4C-aIkoxy, 
R21 is halogen, 1 -4C-alky| or l-4C-alkoxy, 

R22 is halogen, nitro, carboxyl, 1-40alkyl T trifluorornethyl or 1-4C-aIkoxy, 
R23 is halogen, 1-4C-aikyl or 1-40alkoxy, 

R24 is halogen, nitro, carboxyl, 1-4C-alkyl, trifluorornethyl or 1-4C-aikoxy ? 
R25 is halogen, 1 -4C-alkyl or 1 -4C~alkoxy, 

R26 is halogen, nitro, carboxyl. 1-40alkyl, trifluorornethyl or "MC-alkoxy, 
R27 is halogen, 1-4C-alkyI or 1-4C-alkoxy, 

the salts of these compounds, as well as the N-oxides, enantiorners, E/Z isomers and tautomers of 
these compounds and their salts. 

Compounds of the formula 1 to be in particular emphasized are those in which 

— R-1— is 1-2C-alkoxy ( &-5C<ycloalko^Jb5C^ or completely or 

predominantly fluorine-substituted 1-2C-aIkoxy, 
R2 Is 1 -2C-alkoxy, 3-5C-cyc|oalkoxy, 3-5C-cyc!oa!kylmethoxy, 2,2-difluoroethoxy, or completely or 

predominantly fluorine-substituted 1-2C-alko#y, 
R3 is hydrogen, 
R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present invention, 
R4 is-0-R41, in which 
R41 is hydrogen or 'MC-alkylcarbonyl, and 
R5 is hydrogen, 

or, in a second embodiment (embodiment b) according to the present Invention, 
R4 is hydrogen, and 
R5 is-0-R51, in which 
R51 Is hydrogen or l-4C-alkylcarbonyl, 
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R6 is hydrogen, halogen, nitro, 1-4C-alky!. trjfluoromethyl or 1-4C-alkoxy, 
R7 is a radical of formulae (a), (b), (c) or (d) 



-,- ■ T T V 2 

IhJ 81 R 11^R10 ,b) R,B^R14 (C> 




in which 

if R7 is a radical of the formula (b), 
either 

R8 is hydrogen, and 

R9, R10 and R11 independently of one another are hydrogen, 1-4C-a|kyl. 3-7C-cycloalkyl or 
3-7C-cycloalkylmethyl, 

or 

R8 is hydrogen, 

R9 is hydrogen, 1-4C-alkyl, 3-7C-cycloallcyl or 3-7C-cycloalkylmethyl. and 
R10 and R1 1 , together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperidin-1-yl. azepan-1-yl, azocan-1-yl, azonan-1-yl, azecan-1-yl, morpholin-4-yl, tetra- 
hydrolsoquinolin-2-yl, 3,5-dimethyl-pyraaol-1-yi. pyrazoM-yl, 2,6KlimeOTyl-morpholifv4-yl or 2,6- 
dimethyMperidin-1-yl radical, or a piperaztn-1-yl radical substituted in 4-position by R19, 

or 

R8 is hydrogen, 

R9 is hydrogen, 1-7C-alkyl. 3-7C-cyc|oalkyl or 3-7C-cycloalkylmethyl, 
R10 is hydrogen. 1-7C-alkyl, 3-7C-cycloalkyl or 3-7C-cyc|oalkylmethyl, and 
R11 is Afyll, naphthyl. phenyl, phenyl substituted by R20 andtor R21, phenyl-1-4C-alkyl or 
phenytl^C-alXyl substituted by R22 and R23. 

In which 

if R7 is a radical of the formula (c), 
either 

R12, R13, R14 and R15 independently of one another are hydrogen, 1-4C-aikyl, 3-7C-cycloa|kyl 
or 3-7C-cycloalkylmethyl, 

or 

R12 and R13 independently of one another are hydrogen, 1-4C-alkyl, 3-7C-cycloaIkyl or 
3-7C-cyc|oaIkylmethyl, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperidin-1-yt, azepan-1-yl, azocan-1-yl, azonan-1-yl, azecan-1-yl, morpho|in-4-yl, 
tetrahydroisoquinonn-2-yl, 3,5-dimethyl-pyrazol-1-yl. pyrazoM-yl. 2,6-dimethyl-morpholin-4-yl or 
2,6-dimethyl-piperidin-1-yl radical, or a plperazin-1-yl radical substituted in 4-position by R19, 
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or 

R12 and R13, together and including the nitrogen atom to which both are bonded, are a pyrroli- 

— morpholirM^yUor 2,6-dfmethyl-piperidin-l -y( radical, and 

R14 and R15, together and Including the nitrogen atom to which both are bonded, are a pyrroli- 
djn-1-yl, piperidin-1-yl, azepan-1-yl, morpholino-4-yl, 4-{1-4C-alkyl-)-piperazin-1-yl, 2 l 6Hdimethyf- 
morpholin-4-yl or 2,6-dimethyl-piperidin-l -yl radical, 

or 

R12 and R15 independently of one another are hydrogen or 1-4C-aikyl, and 

R13 and R14, together and with inclusion of the N-C(-)-N structure to which they are bonded, 

are a hexahydropyrimidin-2-ylidene or imidazolidin-2-ylidene radical, 

fn which 

if R7 is a radical of the formula (d), 
R16 is hydrogen, and 

R17 and R1B, together and with inclusion of the N-C(-)~N structure to which they are bonded are 
Ary|2, 

Aryll is 4-methyIthia*ol-2-yl I benzirnidazol-2-yl, 5-nitrobenzlmidazol-2-yl, 5-chlorabenzimidazol-2-yl, 
SHTiethylbenzirnidazol-2-yl, benzothiazol-2-yl or benzoxazol-2-yl, 

Aryl2 is 1-methyl-4-oxo-4,5-dihydro-1 l-Mmidazoi-2-yl, imidazol-2-yl r 4 l 5-dicyano-imidazol-2-yl, 4-me- 
thyl-imidazol-2-yl, 4-ethyf-benzimidazol-2-yf, 4-acetyMmidazol-2-yl f 1H~[1 b 2,4]triazo!-3-yl, benz- 
imidazoI-2-yi, 1-methy!-benzimidazol-2-yl r l-ethyl-benzimidazol-2-yl, 5,6<Jimethyl-benzlm|dazo|- 
2-yl, purin-8-yl, S-amino^methyl^H-punne-S-yl, I.S-dimethylimidazoKS-blpyridin^yl, 1,5,6- 
trimethylimidazo[4 l 5-bJpyridin-2-yl i 1 ,3-dimemyl-3,7-dihydro-1 H-punne-^e-dione-S-yl, 7-ethyl-3- 
methyl-3 t 7-dihydro-purine-2,6-dtone-8-yl, l.Sj-trimethyWJ-dihydro-purin^^dlone-a-yl or 1H- 
[l^^ltriazot-a-yl, 

- R19 — isJ^C=alkyl t _formyl,J^ 2-hydroxyethyl, phi^yLeh^ 

and/or R25, phenyl-1-4C-a[kyl or phenyi-1-4C-alkyl substituted in the phenyl moiety by R26 
and/or R27, 

R20 is halogen, nitro, 1 -4C-alkyl or 1-4C-alkoxy, 

R21 is halogen, 1-4C-alky1 or 1-4G-aIkoxy, 

R22 is halogen, nitro, 1-4C-alkyl or 1-4C-alkoxy, 

R23 is halogen, 1-4C-alkyl or 1-4C-alkoxy ( 

R24 is halogen, nitro, carboxyl, 1-4C-alkyl or i-4C-alkoxy, 

R25 is halogen, 1-4C-alkyl or 1-4C-a!koxy ( 

R26 is halogen, nitro, l-4C-alkyl or 1-4C-alkoxy, 

R27 is halogen, 1-4C-alkyl or 1-4C-alkoxy, 

the salts of these compounds, as wetl as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 
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Compounds of the formula 1 to be in more particular emphasized are those in which 

R1 is l-2C-alkoxy, 2,2-<tifluoroethoxy, or completely or predominantly fluorine-substituted 



1-2C-alkoxy, 

R2 is 1-2C-alkoxy, 2,2-difluoroethoxy, or-completely or predominantly fluorine-substituted__ 

1-2C-alkoxy, 
R3 is hydrogen, 
R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present invention, 

R4 is-0-R41,inwhich 

R41 is hydrogen or 1-4C-alkylcarbonyl, and 

RS is hydrogen, 

or. in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 is-0-RS1,inwhich 

R51 is hydrogen or -MC-alkylcarbonyl, 

R6 is hydrogen, 

R7 is a radical of formulae (a), (b), <c) or (d) 

-p -j- R12 "]-- 



In which 

if R7 is a radical of the formula (b) T 
either 

R8 is hydrogen-arid — _ _ — — — — — — 

R9 is hydrogen, 

R10 is hydrogen or 1-4C-alkyt t 

R11 is hydrogen or 1-4C-alkyl, 

where at least one of the radicals R1 0 or R1 1 is not hydrogen, 

or 

R8 is hydrogen, 
R9 is hydrogen, 

R10 and R1 1 , together and including the nitrogen atom to which both are bonded are a pyrroli- 
dine -yl, piperidin-l-yl, azepan-1-yl, azocan-1-yl, azonarvl-yl, morpholin-4-yl, tetrahy- 
drt>isoquinolin-2-yl or 3 r 5-dimethyl-pyrazoH-yl radical, or a piperazin-1-yl radical substituted in 
4-positionbyR19t 

or 

R8 is hydrogen, 
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R9 is hydrogen, 

R10 is hydrogen or MC-alkyl, and 
T^rri^ATyHTTraph 



in which 

if R7 is a radical of the formula (c), 
either 

R12 is hydrogen or 1-40aikyl, 

R13 is hydrogen or 1-40aikyl, 

R14 is hydrogen or 1-4C-alkyl f and 

R15 is hydrogen, 1-4C-alkyl or 3-7C-cycfoalkyl t 

where at least one of the radicals R12, R13, R14 and R15 is not hydrogen, 

or 

R12 is hydrogen or 1-4C-alkyl, 
R13 is hydrogen or 1-4C-aIkyl, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperidin-1-yl ? azepan-1-yI, azocan-1-yI. azonan-1-yl, morpholin-4-y! f 
tetrahydroisoquinoljn-2-yj or 3,5^dimethyi-pyrazoi-1-yi radical, or a piperazin-1-yl radical 
substituted in 4-position by R19, 

in which 

if R7 is a radical of the formula (d) f 
R16 is hydrogen, and 

R1 7 and R1 8 t together and with inclusion of the N-C(-)-N structure to which they are bonded are 
Aryl2. 

Aryll is benzimidazol-2-yl, 5-nitrobenzimidazol-2-y|, 5-ch!orobenzimidazol-2-yl or 
~ S-methvlbenzimidazol^yt, 

Aryl2 Is imidazol-2-yi, 4-methyl-imidazol-2-yl ! 4-ethyl-benzimidazol-2-yl 1 4-acetyl-imidazo!^yl T 1H- 
[1.2,4]triazol-3-yl, benzimidazol-2-yl, l-methyl-bensimidazoW-yl, 1-ethyl-benzimidazol-2-yl F 5,6- 
dimeihyl-benzimidazol-2-yl, purin-8*yl ( I.e-dimethylimida^oK^-blpyridin^-yl or 1,5,6-tri- 
methylimidazo^.S-Wpyridin^-yl, 

R1 g Is "Mc^ky! or 1-4C-alkylcarbonyl, 

R20 is halogen, nitro, 1-4C-alkyl or 1-4C-alkoxy, 

the salts of these compounds, as well as the N-oxides, enantiomers, ElZ isomers and tautomers of 
these compounds and their salts. 

Preferred compounds of the formula 1 are those in which 

R1 is 1 -20alkoxy, 2,2-difluoroethoxy, or completely or predominantly fluorine-substituted 
1-2C-a|koxy, 
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R2 is 1-2C-alkoxy, 2,2^ifluoroethoxy, or completely or predominantly fluorine-substituted 
1-2C-alkoxy, 

"R3 is hydrogen, ; 

R31 is hydrogen, — — 

either, in a first embodiment (embodiment a) according to the present invention, 

R4 is <W*41Jn which 

R41 is hydrogen or l-4C-alkylcarbonyl, and 

R5 is hydrogen, 

or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 is-0-R51, in which 

R51 is hydrogen or MC^allcylcaTbonyi, 

R6 Is hydrogen, 

R7 is a radical selected from 
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the salts of these compounds, as well as the N-oxides, enantiomers, E/2 isomers and tautomers of 
these compounds and their salts. 

More preferred compounds of the formula 1 are those in which 

R1 is 1-2C-alkmy» or completely or predominantly fluorine-substituted 1-2C-aikoxy, 

R2 is 1 -2C-alkoxy, or predominantly fluorine-substituted 1 -2C-alkoxy, 

R3 is hydrogen, 

R31 is hydrogen, 

R4 is-.0-R41,inwhich 

R41 is hydrogen or 1-4C-alky|carbonyf, and 

R5 is hydrogen, 

R6 is hydrogen, 

R7 is a radical of formula (c) 

T ? 12 

R«' N >4 <C) 

in which 
either 



R12 is hydrogen, 
R13 is hydrogen, 

R14 Is hydrogen or 1-4C-alkyl, and 
R15 is 1-4C-aIkyl or 3-7C-cycloalkyl t 



or 



R12 is hydrogen, 
R13is hydrogen, and 

R14 and R15, together and Including the nitrogen atom to which both are bonded, are a 
pyirofidin-1-yl, piperidin-1-yl, azepan-1-yt, azocan-1-yl, a^onan-l-yl or morpholin-4-yl, radical, or 
a piperazin-1-yl radical substituted in 4-position by R19, in which 
R19 is 1-4C-a)kytcarbonyl, 

the salts of these compounds, as well as the N-oxides, enantjomers, E/Z isomers and tautomers of 
these compounds and their salts. 
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A special embodiment of the compounds of the present invention include those compounds of formula 
~ 1 in which K1 antTR2 are independ gntyTCC^IKoi^2^ffl 

predominantly fluorine=subsbtuted 1-2C^alkoxy.. _ 

Another special embodiment of the compounds of the present invention include those compounds of 
formula 1 in which R1 and R2 are independently 1-2C-alkoxy. 2,2-difluoroethoxy, or completely or 
predominantly fluorine-substituted l-2C-alkoxy, and R3 and R31 are both hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula 1 in which R1 and R2 are independently l-2C-alkoxy, 2.2-difluoroethoxy, or completely or 
predominantly fluorine-substituted 1-2C-alkoxy, and R3, R31 and R6 are all hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula 1 in which R1 and R2 are independently 1-2C-a|koxy, 2,2-difluoroethoxy. or completely or 
predominantly fluorine-substituted 1-2C-alkoxy, R3, R31 and R6 are hydrogen, and R7 is a radical of 
formula (c). 

Another special embodiment of the compounds of the present invention include those compounds of 
the formula 1 in which R5 or, particularly, R4 is hydroxyl. 

A preferred embodiment according to the present invention is embodiment a. 

A further preferred embodiment of the compounds of the present invention include compounds 
according to embodiment a, in which R5 and R41 are both hydrogen, and in which R1 and R2 are <» 
independently l-2C-alkcxy. 2.2-difluoroethoxy, or completely or predominantly fluorine-substituted 1- 
2C-alkoxy. and-R3,_R31.and-R6^arejalLbydrogen.___ ._ 



Suitable compounds according to the present invention more worthy to be mentioned include those 
compounds of formula 1, in which R5 or, particularly, R4 is hydroxyl. 

The compounds of formula 1 are chiral compounds having chiral centers at least in positions 4a and 
10b and depending on the meanings of R3, R31, R4 and R5 additional chiral centers in positions 1, 2, 
3 and 4. 




The invention includes all conceivable stereoisomers in pure form as well as in any mixing ratio. 
Preference is given to compounds of formula 1 1n which the hydrogen atoms in positions 4a and 10b 
are in the cis position relative to one another. The pure cis enantfomers and their mixtures in any 
mixing ratio and including the racemates are more preferred in this context 

Particularly preferred in this context are those compounds of formula 1, which have with respect to the 
positions 4a and 10b the configuration shown in formula (1*): 




If, for example, in compounds of formula 1* R3, R31 and R5 have the meaning hydrogen and R4 has 
the meaning -OR41, then the configuration - according to the rules of Cahn, Ingold and Prelog - Is R 
in the 4a position and R In the 10b position. 
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Further preferred compounds of the formula 1 according to embodiment a are those which have, with 
respect to the positions 2, 4a and 10b, the same configuration as shown in the formulae 1a** and 1a" 
and 1a****: 




If, for example In compounds of the formula 1a** R3, R31 and R5 have the meaning hydrogen, then the 
configuration - according the rules of Cahn. Ingoid and Prelog - is S in the position 2, R in the position 
4a and R in the position 10b. 

If, for example in compounds of the formula 1a*** R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn. Ingold and Prelog - Is R in the position 2. S in the 
position 4a and S in the position 10b. 

If, for example in compounds of the formula 1a**** R3, R31 and R5 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - is S in the position 2. S in the 
position 4a and S in the position 10b. 

In more particular preferred compounds of th e formula 1 accord ing to embodim ent a are those which 
"have, wTmTespect to the positions 2, 4aand~10b, the same configuration as sffown in the formula 



1a 
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If, for example in compounds of the formula 1a***** R3, R31 and R5 have the meaning hydrogen, then 

^htrcarmfrguratiorr*^ 

. position 4a and R in t he pos ition 10b. ' 

Preferred compounds of the formula 1 according to embodiment b are those which have, with respect 
| to the positions 3, 4a and 10b, the same configuration as shown in the formulae 1b** and 1 b*** and 

1b****: 




If, for example in compounds of the formula 1 b** R3, R31 and R4 have the meaning hydrogen, then the 
configuration - according the rules of Cahn, Ingold and Prelog - is R in the position 3 f R in the position 
4a and R in the position 10b. 

If, for example in compounds of the formula 1b*** R3 T R31 and R4 have the meaning hydrogen, then 
the configuration - according the rules of Cahn, Ingold and Prelog - is S in the position 3, S in the 
position 4a and S in the position 10b. 

Oor example in compouhdsof theformula 1b**** R3, RSrand R4havethe~me^ning hydrogenrthen 
the configuration - according the rules of Cahn, Ingold and Prelog - is R in the position 3 f s in the 
position 4a and S in the position 10b, 

In more particular preferred compounds of the formula 1 according to embodiment b are those which 
have, with respect to the positions 3, 4a and 10b, the same configuration as shown In the formula 
1b*****: 
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If, for example in compounds of the formula 1b«*"* R3. R31 and R4 have the meaning hydrogen, then 
the configuration - according the rules of Cahn. Ingold and Prelog - is S in the position 3, R in the 
position 4a and R in the position 1 0b. 

The enantiomers can be separated in a manner known perse (for example by preparation and separa- 
tion of appropriate diastereoisomeric compounds). Preferably, an enantiomer separation is carried out 
at the stage of the starting compounds having a free amino group such as starting compounds of 
formulae 7 or 9b as defined below. 




Separation of the enantiomers can be carried out. for example, by means of salt formation of the 
racemic compounds of the formulae 7 or 9b with optically active acids, preferably carboxylic acids, 
subsequent resolution of the salts and release of the desired compound from the salt. Examples of 
optically active carboxylic acids which may be mentioned in this connection are the enantiomeric forms 
of mandelic acid, tartaric acid, O.O'-diberizoyltartaric acid, camphoric acid, quinic acid, glutamic acid, 
malic acid, camphorsulfonic acid, 3-bromocamphorsulfonic acid, ct-methoxyphenylacetic acid, 
a-methoxy-o.-trifluoromethylphenylaceticacid and 2-phenylpropionic acid. Alternatively, enantiomerically 
pure starting compounds of the formulae 7 or 9b can be prepared via asymmetric syntheses. 
Enantiomerically pure starting compounds as well as enantiomerically pure compounds of the formula 1 
can be also obtained by chromatographic separation on chiral separating columns; by derivatization 
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with chiral auxiliary reagents, subsequent diastereomer separation and removal of the chiral auxiliary 
group; or by (fractional) crystallization from a suitable solvent 



~ The compounds according t o the in vention can be pre pared, for example, as shown in the reaction 

schemes below and according to the following specified reaction steps, or, particularly, in a manner as 
described by way of example in the following examples, or analogously or similarly thereto using 
preparation procedures known to the person skilled in the ait 

| Reaction scheme 1 shows the preparation of compounds of formula 1 . 

Starting with the compounds of formula 4, in which R1 , R2, R3, R31 , R4, R5 and R6 have the 
meanings mentioned above and C(Q)OR stands for a suitable ester group such as an alkyf ester 

j (preferably a methyl ester group), the compounds of formula 1, in which R1, R2, R3, R31, R4, R5, R6 

and R7 have the abovementioned meanings, can be obtained by different routes. On the one hand, the 
compounds of formula 1 may be obtained from the compounds of formula 4 by direct reaction with 

I compounds of formula R7-H, in which R7 has the meanings given above. 

Reaction scheme 1: 
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On the other hand the compounds of formula 4 pan be first saponified to give the benzoic acid 
derivatives of formula 3 
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Compounds.of formula 3, in which R1. R2. R3..R31 and R6 have the meanings mentioned above and 
R4 or R5 is hydroxyl, (obtainable, for example, from corresponding compounds of formula 4, In which 
R4 or R5 is acyloxy, by the abovementioned saponification step affording, beside the free benzoic acid 
group, the respective desacylated free hydroxyl group) should be protected by a suitable temporary 
protective group or, preferably, via acylation. such as e.g. via acetylation, reaction known per se to the 
skilled person or as described in the following examples, using e.g. the acid chlorides, before further 
reaction. 

Benzoic ac|d derivatives of formula 3 can then be activated prior to the reaction with compounds of 
formula R7-H for example by forming an acid halide or acid anhydride, or by using coupling agents 
known to the person skilled in the art. such as, for example. N.N'-dicyclohexylcarbodiimide, NH3- 
dimethylaminopropytHM-ethylcarbodiimide hydrochloride (EDCI) or 2-<lH-benzotriazole-1^yJ)-1 I 1.3.3- 
tetramethyluronium hexafluorophosphate (HBTU) (compounds of formula 2). 

As shown in reaction scheme 2, It is also possible to obtain compounds of formula 1 from compounds 
of formula 3 or from compounds of formula 2 by initially reacting the compounds of formula 3 under 
suitable coupling conditions (using appropriate coupling agents and additives) or, respectively, 
compounds of formula 2. in which Y is for example a chlorine atom, with suitably substituted S-alkyi- 
isothioureas and then, in a second step, replacing the S-alkyl group by a suitably substituted amine. 

Similarly as stated above, the hydroxyl group in the position 2 or 3 of the compounds of formula 3 or 2 
should suitably be protected by an appropriate temporary or permanent protecting group, preferably, 
an acyl group (such as e.g. acetyl) prior to said reaction. 



Reaction-scheme 2: 




R5 

H R31 1. S-Alkyllsottiiouraa 

2. Amine R1 



Q Q is OH or Y 
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Similar reactions are described, for example in Areneiro.-Forsch. (Drug Res.) 25, No. 10, (1975), pp, 
1477-1482 or in the following examples. 

.Optionally, compounds of formula 1 can be converted into farther compounds gfthe formula 1 by 
methods known to one of ordinary skill in the art More specifically, for example, from compounds of the 
formula 1 1n which 

a) R4 or R5 is hydroxyl, the corresponding ester compounds can be obtained by esterification 
reactions; 

b) R4 or R5 is hydroxyl, the corresponding ether compounds can be obtained by etherification 
reactions; 

c) R4 or R5 is an acyloxy group, the corresponding hydroxyl compounds can be obtained by 
deesterification reactions; 

The methods mentioned under a), b) and c) are expediently carried out analogously to the methods 
known to the person skilled in the art or as described by way of example in the following examples. 

Optionally, compounds of the formula 1 can be converted into their salts, or, optionally, salts of the 
compounds of the formula 1 can be converted into the free compounds. 

In addition, the compounds of the formula 1 can be converted, optionally, into their N-oxides r for 
example with the aid of hydrogen peroxide in methanol or with the aid of m-chloroperoxybenzoic acid in 
dichloromethane. The person skilled in the art is familiar on the basis of his/her expert knowledge with 
the reaction conditions which are specifically necessary for carrying out the N-oxidatfon. 

Compounds of formula 4 according to embodiment a can be prepared as described and shown in 
reaction scheme 3 below. 



In the first reaction step of the synthesis route shown in scheme 3, compounds of the formula 8, In 
which R1, R2, R3, R31, R41 and R5 have the meanings mentioned above in embodiment a, are 
prepared from the corresponding compounds of the formula 9 by introduction of the group R41. The 
introduction reaction is carried out in a manner habitual per se or as described by way of example in the 
following examples. 
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Reaction scheme 3: 




In the next reaction step of synthesis route, the nitro group of compounds of the formula 8. in which R1, 
R2, R3, R31. R41 and R5 have the meanings mentioned above in embodiment a. is reduced to the 
amino group of the corresponding compounds of the formula 7. Said reduction is carried out in a 
manner known to the person skilled in the art, for example as described in J. Org. Chem. 1062, 27., . 
4426 or as described in the following examples. In more detail, the reduction can be carried out, for 
example, by catalytic hydrogenation, e.g. in the presence of Raney nickel or a noble meta l catalyst such 

r. — — ' - _ T" T . ±X-- I 1 1*.-U~._.~_I « nm Irvm^aMtl 



as palladium on active carbon, in a suitable solvent such as methanol or ethanol at room temperature 
and under normal or elevated pressure. Optionally, a catalytic amount of an aoid, such as, for example, 
hydrochloric acid, can be added to the solvent Preferably, however, the reduction is carried out using a 
hydrogen-producing mixture, for example, metals such as zinc zinc^opper couple or iron with organic 
acids such as acetic acid or mineral acids such as hydrochloric acid. More preferably, the reduction is 
earned out using a zinc-copper couple in the presence of an organic or an inorganic acid. Such a zinc- 
copper couple is accessible in a way known to the person of ordinary skill in the art. 

Compounds of the formula 5, in which R1, R2. R3, R31. R41. R5 and 6 have the meanings indicated 
above in embodiment a and C{0)OR stands for a suitable ester group, preferably the methyl ester 
group, are accessible from the corresponding compounds of the formula 7, by reaction with 
corresponding compounds of the formula 6. in which X represents a suitable leaving group, preferably a 
chlorine atom. 
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Alternatively, compounds of the formula 5 can also be prepared from the corresponding compounds of 
ffi^foiTnu!ar7^r^ 

- amide bond linking reagentsjgiownjo the person skilled in the ait Exemplary amide bond linking 
reagents known to the person skilled in the art which may be mentioned are, for example, the carbodl- 
imides (e.g. dicyclohexylcarbodiimide on preferably, 1-ethyl-3-(a-dimethylaminopropyl)carbodIimide 
hydrochloride), azodicarboxylic acid derivatives (e.g. diethyl azodicarboxylate), uronfum salts [e.g. 
©-(benzotriazol-l-ylJ-N.N.N'^-tetrsimethyluronium tetrafluoroborate or CHbenzotriazoM ylHM, N, N\ N~ 
tetramthyl-uronium-hexafluorophosphate] and N^'-carbonyldiimldazote. In the scope of this invention 
preferred amide bond linking reagents are uronium salts and, particularly, carbodiimldes, preferably, 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride. 

Compounds of the formula 6 are either known or can be prepared fn a known manner. 

Compounds of the formula 4, in which R1 , R2, R3, R31 , R41 . R5, R6 and R have the meanings as 
given in embodiment a, can be obtained by cyclocondensation of corresponding compounds of the 
formula 5. 

Said cyclocondensation reaction is carried out in a manner known per se to the person skilled in the art 
or as described by way of example in the following examples, according to BIschler-Napieralski (e.g. as 
described in J. Chem, Soc„ 1956, 4280-4282) in the presence of a suitable condensing agent, such as, 
for example, polyphosphoric acid, phosphorus pentachloride, phosphorus pentoxide or phosphorus 
oxychloride, jn a suitable inert solvent e.g. in a chlorinated hydrocarbon such as chloroform, or in a 
cyclic hydrocarbon such as toluene or xylene, or another inert solvent such as jsopropyl acetate or 
acetonltrile, or without further solvent using an excess of condensing agent at reduced temperature, or 
at room temperature, or at elevated temperature or at the boiling temperature of the solvent or 
condensing agent used. „_ 



Below reaction scheme 4 shows the synthesis of compounds of the formula 9 ( in which R1, R2, R3, 
R31 and R5 have the meanings indicated above in embodiment a, from corresponding compounds of 
the formula 10 via reduction reaction of the carbonyl group. Suitable reducing agents for the 
abovementioned reduction reaction may include, for example, metal hydride compounds such as, for 
example, diisopropylaluminlum hydride, borane, sodium borohydride, sodium triacetoxyborohydride, 
sodium cyanoporohydride, zinc borohydride, potassium tri-sec-butylborohydride, sodium tri-sec- 
butylborohydride, lithium tri-sec-butylborohydride, p-isopinocampheyl-9-borabicyc|o[3.3.1]nonane and 
the like. The preferred examples of said reducing agents are sodium cyanoborohydride, p- 
isopinocampheyl'-9-borabicyclo[3.3.1]nonane and potassium tri-sec-butyiborohydride. The most 
preferred examples of the abovementioned reducing agents are p-isopinocampheyI-9- - 
borabicyclo[3.3,1lnonane and potassium tri-sec-butylborohydride, which both allow to prepare 
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compounds of the formula 10 stereoselective!* "Stereoselectivel/* in this connection means that those 
compounds of the formula 10. in which the hydrogen atoms in positions 1 and 3 are l ocated at the 
opposite side of the p l ane defined by the cyclohexane ring, me ubtained^eferentially; 



Reaction scheme 4: 



R2 

Rt 



CHO 
(13) 



XT 

R1-^^ (12) 

R3-CH«C(OSi(CH3)3)-C(R5)=CH-R31 (11) 





The compounds of the formula 10, in which R1, R2, R3. R31 and R5 have the meanings mentioned in 
embodiment a. are either known or can be obtained by the reaction of compounds of the formula 12, in 
which R1 and R2 have the meanings mentioned above in embodiment a. with compounds of the 
formula 1 1 , In which R3, R31 and R5 have the meanings mentioned above in embodiment a. The 
cycloaddition reaction is carried out in a manner known to the person skilled in the art according to 
Diels-Alder, e.g. as described in J. Amer. Chem. Soc. 1937, ZS. 6550 or in J. Org. Chem. 1952, 17, 581 
or as described in the following examples. 

Compounds of the formulae 8 or 9, in wh ich the phenyl ring and thej^o group are trans to one 

another, can be converted in a manner known to the person skilled in the art into the corresponding cis 
compounds, e.g. as described in J. Amer. Chem. Soc. 19S7, 79, 6559 or as described In the following 
examples. 

The compounds of the formulae 1 1 and 1 2 are either known or can be prepared in a known manner. 
The compounds of the formula VIII can be prepared, for example, in a manner known to the person 
skilled in the art from corresponding compounds of the formula X as described, for example, in J. 
Chem. Soc. 1951. 2524 or in J. Org. Chem. 1944, 9. 170 or as described in the following examples. 

The compounds of the formula 13, in which R1 and R2 have the meanings indicated above, are either 
known or can be prepared in a manner known to the person skilled in the art, as described, for 
example, in Ber. Dtech. Chem. Ges. 1928, 5§. 203. 
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Compounds of formula 4 according to embodiment b can be prepared as described and shown in 
reaction scheme s pefow. " 



In the first reaction step in reaction scheme 5 below, the nitro group of compounds of the formula 10b, 
in which R1, R2, R3, R31 and R4 have the meanings indicated in embodiment b above, is reduced to 
obtain corresponding compounds of the formula 9b. Said reduction reaction is carried out in a manner 
known to the person skilled in the art, for example as described in J. Org. Chem. 1962, 27, 4426 or as 
described In the following examples. More specifically, the reduction can be carried out for example, by 
contacting compounds of the formula 10b with a hydrogen-producing mixture such as, preferably, 
metallic zinc in a mildly acidic medium such as acetic acid in a lower alcohol such as methanol or 
ethanal at room temperature or at elevated temperature or, preferably, at the boiling temperature of the 
solvent mixture. Alternatively, the reduction can be carried out by selective reduction of the nitro group 
in a manner known to the person skilled in the art, for example by hydrogen transfer reaction in the 
presence of a metal catalyst, for example palladium or preferably Raney nickel, in a suitable solvent, 
preferably a lower alcohol, using, for example ammonium formiate or preferably hydrazine hydrate as 
hydrogen donor. 

Compounds of the formula 9b obtained dan be reacted, for example, as described by way of example in 
the following examples with compounds of the formula 6, in which R6 has the meanings given above, 
C(0)OR stands for a suitable ester group, preferably the methyl ester group, and X represents a 
suitable leaving group, preferably a chlorine atom, to give corresponding compounds of the formula 8b. 

Alternatively, compounds of the formula 8b, In which R1, R2, R3, R31, R4 and R6 have the meanings 
given above in embodiment b and C{0)OR stands for said suitable ester group, can also be prepared, 
for example, from corresponding compounds of the fbrmufa 9b and corresponding compounds of the 
-formula 6r1n-which X-is hydroxyl, by reaction with amidebond Jinking jreagents.^ 
skilled in the art. Exemplary amide bond linking reagents known to the person skilled in the art which 
may be mentioned are, for example, the carbodiimides (e.g. dicyclohexylcarbodiimide or, preferably, 1- 
ethyl-3^3~dimethylaminopropyl)carbodilmide hydrochloride), azodicarboxylic acid derivatives (e.g. 
diethyl azodicarboxylate), uranium salts [e.g. O-tbenzotriazoM-y^N^^^N'-tetramethyluronium 
tetrafluoroborate or OKbenzotriazol-1yl)-N f N 1 N\N4etramthyl-uronium-hexafluorophosphate] and N,N'- 
carbonyldilmldazole. In the scope of this invention preferred amide bond linking reagents are uronium 
salts and, particularly, carbodiimides, preferably, 1-ethyl-3-(3<limethylaminopropy!)carbodiimide 
hydrochloride. 
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In the next step compounds of the formula 8b can be converted into corresponding compounds of the 
formula 7b by epoxidation reaction, which can be carried out as described In the following examples or 
In a manner known to one of ordinary skill in the art employing, for example, suitable epoxidation 
methods or suitable epoxidation reagents such as, for example, peracids (e.g. m-chloroperbenzoic 
acid) or organic or inorganic peroxides (e. g. dimethyldioxirane, hydrogene peroxide or persulfates). 

Compounds of the formula 7b obtained can be reduced by art-known methods to corresponding 
compounds of the formula 6b. More specifically, said reduction reaction can be performed employing, 
for example, as described by way of example in the following examples sodium borohydride as 



XO - r CD » i^O^ 
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reductant Alternatively, said reduction reaction can be also carried out using, for example, lithium 
aluminium hydride or a reductive mixture comprising noble metals, such as platinium dioxide or 

""panadlumTaf^ 

compounds of the formula 7b_can be convertedJargely regfo- and diastereoselectively into compounds 
of the formula 6b f wherein the hydroxyl radical in position 1 and the amido radical in position 3 are 
located at the same side of the plane defined by the cyclohexane ring. 

It is moreover known to one of ordinary skill of the art, that the absolute configuration of a chiral carbon 
atom, preferably, to which a hydroxyl group and a hydrogen atom are bonded, can be inverted. Thus 
the configuration of the carbon atom in position 1 of compounds of the formula 6b can be optionally 
inverted. Said inversion of configuration of position 1 of compounds of the formula 6b can be achieved 
in a manner familiar to the person skilled in the art for example by derivatizstion of position 1 with a 
suitable leaving group and subsequent replacement of said leaving group by a suitable nucleophile in a 
nucleophilic substitution reaction according to SN2 mechanism. Alternatively, said inversion of 
configuration of position 1 of compounds of the formula 6b can be also obtained, tor example, as 
described by way of example in the following examples according to subsequently specified two step 
procedure shown in reaction scheme 6 below. In more detail, in the first step of said procedure shown 
in reaction scheme 6, exemplary compounds of the formula 6b* T in which R1, R2, R6 have the 
meanings indicated above, C(Q)OR stands for said suitable ester group {preferably the methyl ester 
group) and R3, R31, R5 are hydrogen and position 1 has the R configuration, are converted by 
oxidation reaction into corresponding compounds of the formula 11b. Said oxidation is likewise carried 
out under conditions customary perse using, for example, chloranil, atmospheric oxygen, manganese 
dioxide or, preferably, chromium oxides as an oxidant Then in the second step, compounds of the 
formula 1 1b obtained are converted by art-known reduction reaction of the keto group, preferably with 
metal hydride compounds or, more specifically, metal borohydrides, such as, for example, sodium 
borohydride, into corresponding compounds of formula 6b*\ in which position 1 has now S 
configuration and thus the configuration^^ 1 is now jnyej^n^aj^g_to_ 

said compounds of the formula 6b*. 

Reaction scheme 6: 
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ln the next reaction step of the synthesis route shown in reaction scheme 5 shown above, compounds 
of the formula 6b are convert ed into corresponding compounds ot the formula &stym*mmxnstme- 
group RS1-. The introduction reaction is carried out in a manner habitual per se (e.g. via alkylation or 
acylattan reaction) or as described by way of example in the following examples. 

The cyclizatton reaction leading to compounds of the formula 4 can be carried out. for example, as 
described by way of example in the following examples or analogously or similarly thereto, or as 
mentioned above for compounds according to embodiment a. 

Compounds of the formula 10b. in which R1, R2, R3, R31 and R4 have the abovemenfioned meanings, 
are either known or can be obtained, for example as shown in reaction scheme 7, by the reaction of 
compounds of the formula 12, in which R1 and R2 have the abovementioned meanings, with 
compounds of the formula 12b. in which R3, R31 and R4 have the meanings indicated above. 

Reaction scheme 7: 



The cycloaddition is in this case carried out in a manner known to the person skilled in the art according 
to Diels-AIder, e.g. as described in J. Amer. Chem. Soc. 1957, Z& 6559 or in J. Org. Chem. 1352, 17. 
5B1 or as described in the following examples. 

Compounds of the formula 10b, In which the phenyl ring and the nitro group are trans to one another, 
can be converted such as known to the person skilled in the art into the corresponding cis compounds, 
e.g. as described in J- Amer. Chem. Soc. 1957, ZS, 6559 or as described in the following examples. 

The compounds of the formula 12b are either known or can be prepared in a known manner. 





R4 



It is also known to the person skilled in the art that, if a plurality of reactive centers are present in a 
starting material or intermediate, ft may be necessary to temporarily block one or more reactive centers 
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with protective groups so that a reaction takes place only at the desired reactive center. A detailed 
description of how to use a large number of proven protective groups can be found, for example, in 
T.W. Greene, Protective Groups tn ur ganic Synthesis, John Wiley & Sons , IQ &t-ortgarca^ edftiOT 
-or in ^Protecting Groups (Thieme Foundations Organic Chemistry Series ^Group)Vby P. Kocjenski 
(Thfeme Medical Publishers, 2000). 



The substances according to the invention are isolated and purified in a manner known per se, for 
example by distilling off the solvent under reduced pressure and recrystal|izing the residue obtained 
from a suitable solvent or subjecting it to one of the customary purification methods, such as, for 
example, column chromatography on a suitable support material. 

Salts are obtained by dissolving the free compound in a suitable solvent (e.g. a ketone, such as 
acetone, methyl ethyl ketone or methyl isobutyl ketone, an ether, such as diethyl ether, tetrahydrofuran 
or dioxane, a chlorinated hydrocarbon, such as methylene chloride or chloroform, or a low-molecular- 
weight aliphatic alcohol, such as ethanol or isopropanol) which contains the desired acid or base, or to 
which the desired acid or base is then added. The salts are obtained by filtering, reprecipftating, 
precipitating with a nonsojvent for the addition salt or by evaporating the solvent Salts obtained can be 
converted into the free compounds, which can in turn be converted into salts, by alkalfczatfon or by 
acidification. In this manner, pharmacologically unacceptable salts can be converted into 
pharmacologically acceptable salts. 

Suitably* the conversions mentioned In this invention can be carried out analogously or similarly to 
methods which are familiar per se to the person skilled in the art 

The person skilled in the art knows on the basis of his/her knowledge and on the basis of those 
synthesis routes, which are shown and described within the description of this invention, how to find 

other possible synthesis routes forcompounds ofJhe_formulaJ ,_M4hese other possible synthesis 

routes are also part of this invention. 

Having described the invention in detail, the scope of the present invention is not limited only to those 
described characteristics or embodiments. As will be apparent to persons skilled in the art, 
modifications, analogies, variations, derivations, homologisatjons and adaptations to the described 
invention can be made en the base of art-known knowledge and/ar, particularly, on the base of the 
disclosure (e.g. the explidte, implicite or inherent disclosure) of the present invention without departing 
from the spirit and scope of this invention. 

The following examples serve to illustrate the invention further without restricting it Likewise, further 
compounds of the formula 1, whose preparation is not explicitly described, can be prepared in an 
analogous manner or In a manner familiar per se to the person skilled in the art using customary 
process techniques. 
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The compounds which are mentioned in the following examples as well as their salts are a preferred 
subject of the present invention. ~~ ~~ 

In the examples, m.p. stands for melting point, h for hour(s), min for minutes, R f for intention factor in 
thin layer chromatography, s.p* for sintering point, EF for empirical formula, MW for molecular weight 
MS for mass spectrum, M for molecular ion. 

According to common practice in stereochemistry, the symbols RS and SR are used to denote the 
specific configuration of each of the chiral centers of a racemate. In more detail, for example, the term 
" (2RS t 4aRS, 1 QbRSy* stands for a racemate (racemic mixture) comprising the one enantiomer having 
the configuration (2R,4aR,10bR) and the other enantiomer having the configuration (2S,4aS,10bS). 
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Examples 

End product ~~ 



1 . N'-(H4-[(2RS ^RS, 1 0bRS)-9-(1 ,1 -Drfl uoro-methoxy)-2-hydroxy-8-rnethoxy^1 ,2,3,4,4a, 1 0b- 
hexahydro-phenanthridi^ 

The title compound is obtained in an analogous manner as describee) for compound 4 using the 
appropriate starting compound mentioned below as compound 7 to 12. 
EF: C 27 H 32 F2N 4 04, MW: 514.58, MS: found: 515.1 (MH*> 

2. N-(1-Amfno-1<*zocan-1-yl^ett^ 

hydroxy^^ethoxy-I^^^^.IOb^oxdhydro-phenanthrJdrn^-yn-bGnzamido 

The title compound is obtained in an analogous manner as described for compound 4 using the 
appropriate staffing compound mentioned below as compound 7 to 12. 
ER CaaHadFjNAi. MW: 554.64, WIS: found: 555.3 (MH*) 

3. N~Cyc!opropy!-NMH4-[(2RS^RS,10b^^ 

Ira^^^a.lOb-hexahydMy-phenanthrtdln^-y^phenyi^ethanoylJ^uanidine 

The title compound is obtained In an analogous manner as described for compound 4 usfng the 
appropriate starting compound mentioned below as compound 7 to 12. 
EF: CssHiaFsjN^ MW: 498.53, MS: found: 499,2 (MH*) 

4. N-[H4-A<*tyl«plperaln-^ 

dimethoxy-1,2,3A4a,10b-hexahydrO"phenanthridin^-yl)-benzamBdo 

484 mg of acetic acid (2RS,4aRS,10bRS)^4^1-(4-acetyI-p^^ 

carbamoyI}-phenyI)«a T 9-dimethoxy-l ,2,3,4,43,1 Ob-hexahydro-phenanthridin^yl ester (compound 10> 
and 137 mg of cesium cart^ate^arerstirred'in TO ml of methanol for 16 h at roorrrtemperaturerThe -* 
solvent is removed and the solid residue purified by chromatography on silica gel to yield 235 mg of the 
title compound. 

EF: CagHasNsOa, MW: 533.63, MS: found: 534.2 (MH*) 

Gu N^N-DlaWN^WPRS^RSpW^ 
hexahydro-phenanthridin-6^l)-phenylJ-methanoyl)-guanldine 

The title compound Is obtained in an analogous manner as described for compound 4 using the 
appropriate starting compound mentioned below as compound 7 to 12. 
EF: C 27 H34N 4 04, MW: 478.6, MS: found 479.1 (MH*) 

6. Ml^mlno~l^ocan~1-y]-m(^ 
l^^^a^Ob-hexahydro-phenanthridin-e-yO-benzamide 
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The title compound Is obtained in an analogous manner as described for compound 4 using the 
appropriate starting compound mentioned below as compound 7 to 12. 

FrC^H^M^O^I^rSta^BrMSrTooiTtir^^WH*) 

The compounds 7 to 9. 11 and 12 are obtained in an analogous manner as described for compound 10 
using the appropriate compound A1 or A2 and the appropriate art-known amine compounds. 

7. Acetic acid (2RS,4aRS,10bRS)-6-{4-[1-(N' l N , -dtothyl-guanidino)-methanoyll-phenylK9-(1 i 1- 
dmuoronnethoxy)-a-methoxy-1 ,2,3,4a,10b-hexahydro-phenanthridln-2-yl eater 

a. Acetic acid (2RS,4aRS,10bRSW44(1<iminQ-1-azoean-1-y 
pheny0-9-(1,1*lffluoro-methoxy)*^etho^ 

9. Acetic acid (aRS^RS.IObRSW^MN'-cyclopro^^ 
(1,1^ffluoro^ethoxy)4Mnethoxy-l,2,3A4a^^ 

10. Acetic acid (2RS s 4aRS I 10bRS)^-<4-tt1-(4^cetyl■plpera2ln-1-yl)-1-ami''o-»ne th y tene ^ 
ca*amoyD-phenyl)^,9^li«ethoxy^l,2,3,4^a I 10b-hoxaliydro-phenanthridin-2-yl ester 

743.4 mg of acetic acid (2RS,4aRS,10bRS)-8,9-dimethoxy-6-{4-[1-(2-methvI-isothioureido)-methanoyl3- 
phenylJ-1,2,3,4.4a,10b-hexahydro-phenanttir|din-2-yl ester (compound A1). 384.5 mg of 1- 
acetylpiperzine and 0.416 ml of triethylamine are stirred in 10 ml of 1,4-dioxane at 90°C for 5 days. 
After 2 days another 384.5 mg of 1-acetylpiperazine are added to the reaction mixture. The solvent is 
removed and the residue three times coevaporated with dichloromethane, than one time with toluene. 
After redissolving in 25 ml of dichloromethane the solution is extracted with water and aqueous 
saturated KHCO a solution successively and the aqueous KHC0 3 phase reextracted with 
dichloromethane. After drying the combined organic layers with sodium aultate the solvent is removed 
and the residue purified by chromatography on silica to yield 530 mg of the title compound; 

11. Acetic acid (2RS^aRS,10bRS)-6-C4-I1-(N',N'-diethyl-guanldino)-methanoyl]»phenyD-8,9- 
dlmethoxy-1,2,3 l 4^a,10b-liexahydro-phenanthiidin^-yl ester 



12. Acetic acid (2RS,4aRS,10bRS)-6^4-l(1-amino-l^zocan-1-yl-methyIene)-carbamoyIl- 
phenyIH» M inrothoxy-V' 3 A4a» 10b ^ 
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Starfing Compounds 

""AT, Acetic acir{2RS74aR^ 
phenyl}^ ,2,3 l 4*4a,10b-hexa hydro-phenanthndin-2-yl eater _ 

3.051 g of 4-((2RS l 4aRS l 10bRS)-2-aretoxy-8,9^im^ 

yl)-benzoicacid (compound B1), 3.00 g of S-methyiisothiourea-sulfate and 10 mg of 4- 
dimethylaminopyridine are dissolved In 50 ml of acteonitril, than 1.80 g of 1«ethyl-3-(3- 
dimethy!amlnopfopyl)cart)odiimide hydrochloride and 1,23 ml of N-ethyl-diisopropylamin are added. 
After stirring f° r 1S hours the solvent is removed. The residue is dissolved in 20 ml of water and 
extracted with dichloromethane. After drying the combined organic layers with magnesrum sulfate the 
solvent is removed to yield 3.652 g of the title compound a$ a yellow foam which is directly submitted to 
further reaction without purification. 

A2. Acetic acid (2RS,4aRS,10bRS)-9-(1 f 1-d|fluoro-methoxy)-8<methoxy-6^:4-[1-(2-methy^ 
fsothloureldo}wnethanoyQ-phenyl}-^ ester 

The title compound is prepared analogou$ly as described in Example A1 starting from compound B2. 

B1. 4^{2RS^RS,10bRS)-2-Acetoxy^,9^lm^ 
yl)~benzolc acid hydrochloride 

8.1 g of (2RS f 4aRSJ0bRS)^(4^rboxyphenyl)^»9^ 

phenanthridin-2-oJ (compound C1) are suspended in 35 ml of dichloromethane and 40 ml of acetyl 
ohioride are added dropwise. After stirring for 1 h at room temperature, the mixture is concentrated and 
the residue is dissolved in aqueous 1 M disodium hydrogenphosphate solution at pH S-7. Under stirring 
concentrated hydrochloric acid is added, the resulting precipitate is filtered off and dried in vacuo to give 
4,65 g of the title compound as beige hydrochforide salt 

The free acid l$ obtained by dissolving the hydrochloride salt in water at pH 6-7, removal of the solvent 
in^vacuorleaching the resulting yellowish residue with boiling chloroform and concentration of the — 
obtained chloroform solution. 
EF: C24H 2$ NOe; MW: 423,47 
MS: 424.3 (MH*) 

B2. 4^(2RS l 4aRS,10bRS)-2^etoxy^1,1^ 
hexahydro-phenanthridin-6-yl)-benzolc acid 

The title compound is obtained in two steps starting from compound C2 by saponification analogously 

as described in Example C1 followed by acetylation of obtained intermediate (2RS,4aRS,10bRS)-6-(4- 

carboxyphenyO-D-O.l^iifluor^ 

analogously as described in Example B1. 

EF: CaaH^FzNOa; MW; 459.45 

MS: 460.3 (MH*) 
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C1. (2RS,4aRS,10bRSH*(4-oarbc«ypheny1)-8,9^«methoxy-(1,2 I 3A4a,10b)-hexahydro- 
phenanthrlciln-2-ol 

A-solution of 290 mg-of acetic acid (2RS,4aRS,10bRS)-6-(4-methoxifcarbonylphenyl)-8 l 9-dimethoxy- 
(1,2.3A4M 0 b)-hexahydrophenanthridin-2-yl ester (compound D1) in 10 ml of isopropanol is treated 
dropwise with aqueous lithium hydroxide solution to adjust to pH 10. Stirring is continued for 72 h, the 
reaction mixture is neutralized with phosphate buffer solution and extracted with dlchloromethane. The 
aqueous layer is concentrated and the residue is leached with a boiling mixture of ethyl acetate and 
methanol. The organic solvents are removed to obtain 90 mg of the title compound as a yellowish 
foam. 

EF: CjaHasNOp; MW: 381.43 
MS: 382.4 <MH*> 
M.p-: 172-183°C 

Alternative procedure: 

A solution of 5.68 g of acetic acid (2RS,4aRS,10bRS)-6-{4-methoxycarbony|phenyl)-8,9^dimethoxy- 
(1 I 2,3,4,4a,10b)-hexahydrophenantiiridln-2-yl ester (compound D1) in 2S0 ml of methanol is treated at 
boiling temperature with a solution of 2.0 g of sodium hydroxide in 15 ml of water comprising a catalytic 
amount of hydrogen peroxide (30% strength). Stirring is continued for 1.S h under reflux, the reaction 
mixture is cooted and treated with halfconcentrated aqueous hydrochloric acid to adjust to pH 6-7. The 
solvents are evaporated and the residue is dried in vacuo to obtain 8.1 g of a yellowish solid, which can 
be used without further purification in the next step. The free acid is obtained by leaching the residue 
with boiling chloroform and concentration of the resulting chloroform solution. 

C2, 44(2RSy4aRS,l0bRS)-2-Acetoxy-a-(1,1-difl^ 
hexahydro-phenanthrldin-6-yrj-benzoic acid methyl ester 

-500™g-ofNK(1RST2RS T 4RS)^acetoxy^ 

terephthalamic acid methyl ester (compound D2) are dissolved in 2 ml of phosphorus oxychloride and 
heated for 4.5 h at 100 °C. After cooling to room temperature the sample is diluted with 10 ml of 
dlchloromethane and added dropwise to an aqueous sodium hydroxide solution. The water layer is 
extracted twice with dlchloromethane. The solvent is removed and the crude product purified by 
chromatography on silica gel to give 310 mg of the title compound as a colourless foam. 
EF: C 25 H25F 2 NO fi ; MW: 473.48 
MS: 474.2 (MH*) 

P1. Acetic acid (2RS,4aRS,10bRS)-6-(4wnethoxycarbonylphenyl)-8 l 9-dimetboxy- 
(1, 2,3,4,4a, 10b)-hexahydrophenanthridin-2-y I ester 

10.8 g of phosphorus pentachloride are suspended in 170 ml of isopropyl acetate, 8.1 g of acetic acid 
(lRS,3RS.4RS)^[1-(4-methoxycarbonylphenyl)methanoyl]amino)-3-(3,4-dimethoxyphenyi)cyclohexyl 
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ester (compound E1) dissolved 100 ml are added and the mixture is stirred. When reaction is complete, 
a mixture of 100 ml of triethyfamine and 100 ml of isopropyl acetate is added dropwise at 0°c. After 

^ilatfrrg^tlTm^ 

each 80 ml of^chtoromethane. The organic phases are dried using magnesium sulfate. After 
concentrating, the residue is recrystallized from ethyl acetate/cyclohexane to give 5.68 g of the title 
compound. 

EF: C 2S H27N0 6 ; MW: 437,50 
MS: 438.3 (MH*) 

Rf= 0,62 (petroleum ether/ethyl acetate/triethylamine - 6/3/1) 
M.p.: 184-185°C 

D2, N^(1RS,2RS^RS)^Acetoxy-2-[3^ 
terephthalamic acid methyl ester 

The title compound is prepared analogously as described in Example E1 starting from compound E2. 
EF: C25H27F2NO7; MW; 491 .49 
MS: 492.0 (MH + ) 

E1_ Acetic acid (IRS.SRS^RSJ^II^methoxycarbonylphenylJmethanoyQaminoh^S,-!- 1 
dimethoxyphenyl}cyclohexyl ester 

1 .6 g of acetic acid (1 RS.SRS^RSJ^mino-S-tS^imethoxyphenylJcycIohexyl ester (compound F1 ) 
are dissolved in 30 m! of dichtoromethane. 982 mg (5.45 mmol) of terephthalic acid monomethyl ester 
and 125 g (6.74 mmol) of N-ethyl-N^ta-dimethylamlnopropyDcarbodiimide hydrochloride are added 
successively under stirring. After 3 h further 18 mg (0.1 mmol) of terephthalic acid monomethyl ester 
are added. After 15 h the reaction is treated with aqueous hydrochloric acid and extracted several times 
with dichtoromethane, After evaporation of the combined organic phases, the crude product is 
crystallized from ethyl acetate/cycfohfiHane to give 1.87 g (73 % of theory) of the tjtfe compound as 

colourless solid; — — — — 

EF: C*sH$9N0 7 ; MW: 455.51 
MS: 456.2 (MH*) 

R f = 0.69 (ethyl acetate/triethylamine ~ 971) 

E2, Acetic acid (1RS i 3RS f 4RS)^mlno^-[3-(1 9 1^muoro^mBthoxy)^methox^ 
cyclohexyl ester 

The title compound is prepared analogously as described in Example F1 starting from compound G2. 

EF: C 16 H 21 F 2 N0 4 : MW: 329.35 
MS: 330.0 (MH^ 



F1 . Acetic acid (1 RS,3RS,4RS)^m|no-3-(3 v 4Hiimethoxyphenyl)&yclohexyl ester 
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A solution of 10.37 g of acetic acjd (1 RS^RS^RSJ^Ca^^imethoxypheny^-nitrocycIohexyl ester 
(compound G1) in 240 ml of ethanol is added to a zinc-copper couple, prepared from 16.8 g of zinc 
powderand-920TTtg^fcop^ 

refiuxed and treated with 26 ml of acetic acidL3.2 ml of water and 26 m! of ethanol The resulting 
mixture is refiuxed for further 15 min. The precipitate is filtered off with suction and the solvent is 
removed. Chromatographics! purification on silica gel using a mixture of petroleum ether/ethyl 
acetate/triethylamine in the ratio 2/7/1 and concentration of the corresponding eluate fractions afford 
5.13 g (55 % of theory) of the title compound as a pale brown oil. 
R f k 0.35 (petroleum ether/ethyl acetate/triethylamine = 2/7/1) 

F2. Acetic acid (1RS f 3RS l 4RS)^3-(1 i lKllfluoro^ethoxy)-4^ethoxy-phenyll^ 
nltrocyclohexyl ester 

The title compound is prepared analogously as described in Example G1 starting from compound G2. 

G1. Acetic acid (lRS f 3RS^I«W3^lmetho^henyl)^ltrocyc|ohexyl ester 

10.18 g of (1RS,3RS,4RS)-3-(3 P 4-dimethoxyphenyI>4-n]trocyclohexanol (compound H1) are dissolved 
in 100 ml of acetic anhydride and the solution is heated to 100°C for 1-2 h. After removal of the solvent, 
the residue is ohromatographed on silica gel using a mixture of petroleum ether/ethyl acetate in the 
ratio 2/1. Concentration of the corresponding eluate fractions furnish 10.37 g (89 % of theory) of the title 
compound as an oil. 

R f ^ 0.32 (petroleum ether/ethyl acetate = 2/1) 
G2. (lRS>3RS^RS)^P«(1,1-DlflUO!X^ 

The title compound Is prepared analogously as described in Example H1 starting from compound H2. 
H1. (lRS,3RS^RS)-3K3,4-Dimethoxyphenyl)-4-nitrocyclohoxanol 

10gof(1RS,3RS t 4SR)^-(3^ 

170 ml of absolute 1 .2-dimethoxyethane. 14.3 ml of a 30 % solution of sodium methanolate in methanol 
are added dropwise. After complete addition, stirring is continued for 10 min and a mixture consisting 
of 85 % phosphoric acid and methanol is added to pH 1. By adding of saturated potassium hydrogen- 
carbonate solution the resulting suspension is neutralized. The mixture is diluted with water and 
dichloromethane, the organic layer is separated and extracted with dichloromethane. The solvents are 
removed under reduced pressure to yield the title compound as a pale yellow oil, which crystallizes. The 
title compound is used without further purification in the next step. 
Rf= 0.29 (petroleum ether/ethyl acetate ~ 1/1) 
M.p.: 126-127 H C 



H2, (1RS,3RS,4SR)*^1,l-DfflU0ro^e 

The title compound is prepared analogously as described in Example 11 starting from compound 12. 
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11. (IRS^RS^RM^a^-Dimc^oxyphenylH-nKrocyclohexanol 

HJnderiiilrogerratmosphere-^ 

^(compound J1) are dissolved in 300 ml of tetr ahydrofurane, Jhe solution is cooled to -78°C, and 75 ml 
of 1 M solution of potassium tri-sec-butylborohydride in tetrahydrofurane is added dropwise. After 
stirring for further 1h,a mixture consisting of 30% hydrogeneperoxide solution and phosphate buffer 
solution is added. Stirring is continued for further 10 min, the reaction mixture is diluted with 400 ml of 
ethyl acetate and the aqueous layer is extracted with ethyl acetate, the combined organic phases are 
concentrated to give a foam, which Is purified by chromatography on silica gel using a mixture of 
petroleum ether/ethyl acetate in the ratio 1/1 to furnish 10.18 g (60 % of theory) of the title compound. 
EF: C 14 HisNO s ; MW: 281.31 
MS: 299.1 (MNH4*) 

Rr= 0.29 (petroleum ether/ethyl acetate = 1/1) 
M.p.: 139-141°C 

12. (3RS^R^3"t3^1,1-Difluoro^ethoxy)^^mGthoxy-phGnyl]^nitrocyc!ohexanone 

The title compound is prepared analogously as described in Example J1 starting from compound J2. 

J1. (3RS l 4SR)^^3 p 4^DlmethoxyphenyI)-4-n!trocyclohexanone 

90.0 g of 3,4-dime1hoxy-«>-nitro$tyrene (compound K1), 90 ml of a-trimethylsilyloxy-l^butadiene and 
180 ml of abs, toluene are put in an autoclave, where the mixture is stirred at 140 D C for 2 days and then 
cooled. After addition of 1000 ml of ethyl acetate, 300 mi of a 2 N solution of hydrochloric acid are 
dropped under stirring. The phases are separated and the aqueous layer is extracted three times with 
dichloromethane. The combined organic extracts are washed with saturated sodium 
hydrogencarbonate solution, dried over magnesium sulfate and the solvents are removed under 
reduced pressure to give 150 g of the crude title compound. Further purification is earned out by 
chromatography on silica gel using petroleum ether/ethyl^cetate in the ratio 1/1 as eluentto give-Si. 5 g- 
(67 % of theory) of the pure title compound. 
EF: C 14 H 1? N0 5 ; MW: 279.30 
MS: 279 (M*), 297.1 (MNFV) 
Rf= 0.47 (petroleum ether/ethyl acetate = 1/1) 
M.p.: 147-148°C 

J2. 3-{1 P 1 -Dmuo ro^ethoxy)^m^thoxy-ph enyl-co-nrtrosty renc 

The title compound is prepared analogously as described in Example K1 starting from art-known 
starting compounds. 
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K1. 3^-Dlmethoxy-«-nitrostyrene 

20 ?. a g of3T4^inrethoxybenzaldeh^^ 

_heated to boiling fbr.3=4 h in 1.0 1 of glacial acetic acid. After eoojmg in an ice bath,_the precipitate is 
filtered off with suction, rinsed with glacial acetic acid and petroleum ether and dried. M.p.: 140-141 °C. 
Yield: 179.0 g. 



iD.rco. cxyaH lf^o mlimiim rnMKriM ma 

12S6EPORD01 2004-02 03 



04 9 18.02.2004 14:42 



-42- 



Commerclal utility 

1 he compounds according to-thelmre^ 

industrialfy.utilfzable. As. selective cyclic nucleotide phosphodiesterase (Pj^)jnhibitpr^(spe^c^lly of_ 
type 4), they are suitable on the one hand as bronchial therapeutics (for the treatment of airway 
obstructions on account of their dilating action but also on account of their respiratory rate- or respira- 
tory drive-increasing action) and for the removal of erectile dysfunction on account of their vascular 
dilating action, but on the other hand especially for the treatment of disorders, in particular of an 
inflammatory nature, e.g. of the airways (asthma prophylaxis), of the skin, of the intestine, of the eyes, 
of the CNS and of the joints, which are mediated by mediators such as histamine, PAF (platelet-acti- 
vating fector), arachidonic acid derivatives such as leukotrienes and prostaglandins, cytokines, 
interteukins, chemokines, alpha-, beta- and garnma-interferon, tumor necrosis factor (TNF) or oxygen 
free radicals and proteases. In this context, the compounds according to the invention are distinguished 
by a low toxicity, a good enteral absorption (high bioavailability), a large therapeutic breadth and the 
absence of significant side effects. 



On account of their PDE-inhibiting properties, the compounds according to the invention can be 
employed in human and veterinary medicine as therapeutics, where they can be used, for example, for 
the treatment and prophylaxis of the following illnesses: acute and chronic (in particular inflammatory 
and allergen-induced) airway disorders of varying origin (bronchitis, allergic bronchitis, bronchial 
asthma, emphysema, COPD); dermatoses (especially of proliferative, inflammatory and allergic type) 
such as psoriasis (vulgaris), toxic and allergic contact eczema, atopic eczema, seborrhoeic eczema, 
Lichen simplex, sunburn, pruritus in the anogenital area, alopecia areata, hypertrophic scars, discoid 
lupus erythematosus, follicular and widespread pyodermias, endogenous and exogenous acne, acne 
rosacea and other proliferative, inflammatory and allergic skin disorders; disorders which are based on 
an excessive release of TNF and leukotrienes, for example disorders of the arthritis type (rheumatoid 
_atfhritis,jtoaumatoidjspoa^ and other arthritic condi tions), disorders of the immune^ 

system (AIDS, multiple sclerosis), graft versus host reaction, allograft rejections, types of shock (septic 
shock, endotoxin shock, gram-negative sepsis, toxic shock syndrome and ARDS (adult respiratory 
distress syndrome)) and also generalized inflammations in the gastrointestinal region (Crohn's disease 
and ulcerative colitis); disorders which are based on allergic and/or chronic, immunological false 
reactions in the region of the upper airways (pharynx, nose) and the adjacent regions (paranasal 
sinuses, eyes), such as allergic rhinitis/sinusitis, chronic rhinitis/sinusitis, allergic conjunctivitis and also 
nasal polyps; but also disorders of the heart which can be treated by PDE inhibitors, such as cardiac 
insufficiency, or disorders which can be treated on account of the tissue-relaxant action of the PDE 
inhibitors, such as, for example, erectile dysfunction or colics of the kidneys and of the ureters in 
connection with kidney stones. In addition, the compounds of the invention are useful in the treatment 
of diabetes insipidus, diabetes mell'itus, leukaemia, osteoporosis and conditions associated with 
cerebral metabolic inhibition, such as cerebral senility, senile dementia (Alzheimer's disease), memory 
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impairment associated with Parkinson's disease or multiintarct dementia; and also illnesses of the 
central nervous system, such as depressions or arteriosclerotic dementia. 

The invention further relates to a method for the treatment of mammals, including humans, which are 
suffering from one of the above mentioned illnesses. The method is characterized in that a therapeuti- 
cally active and pharmacologically effective and tolerable amount of one or more of the compounds 
according to the invention is administered to the ill mammal. 

The invention further relates to the compounds according to the invention for use in the treatment 
and/or prophylaxis of illnesses, especially the illnesses mentioned. 

The invention also relates to the use of the compounds according to the invention for the production of 
pharmaceutical compositions which are employed for the treatment and/or prophylaxis of the illnesses 
mentioned. 

The invention also relates to the use of the compounds according to the invention for the production of 
pharmaceutical compositions for treating disorders which are mediated by phosphodiesterases, in 
particular PDE4-mediated disorders, such as, for example, those mentioned in the specification of this 
invention or those which are apparent or known to the skilled person. 

The invention also relates to the use of the compounds according to the invention for the manufacture 
of pharmaceutical compositions having a PDE4 inhibitory activity. 

The invention furthermore relates to pharmaceutical compositions for the treatment and/or prophylaxis 
of the illnesses mentioned, whicn contain one or more of the compounds according to the invention. 

Additionally, the invention rela tes to an article of manufac ture, which comprises packagin g material and 



a pharmaceutical agent contained within said packaging material, wherein the pharmaceutical agent is 
therapeutically effective for antagonizing the effects of the cyclic nucleotide phosphodiesterase of type 4 
(PDE4), ameliorating the symptoms of an PDE4-mediated disorder, and wherein the packaging 
material comprises a label or package insert which Indicates that the pharmaceutical agent is useful for 
preventing ortreating PDE4-fnediated disorders, and wherein said pharmaceutical agent comprises 
one or more compounds of formula 1 according to the invention. The packaging material, label and 
package insert otherwise parallel or resemble what is generally regarded as standard packaging 
material, labels and package inserts for pharmaceuticals having related utilities. 

The pharmaceutical compositions are prepared by processes which are known per se and familiar to 
the person skilled in the art. As pharmaceutical compositions, the compounds according to the 
invention (= active compounds) are either employed as such, or preferably In combination with suitable 
pharmaceutical auxiliaries and/or excipients, e.g. in the form of tablets, coated tablets, capsules, 
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capiets, suppositories, patches (e.g. as TTS), emulsions, suspensions, gels or solutions, the active 
compound content advantageously being between 0,1 and 95% and where, by the appropriate choice 
^Hhe^i*xiliarie^nd/orexci>re^^ 
or an enteric form) exactly suited to th e active c ompound and/or to the desired onset of action can be 
achieved. 

The person skilled In the art is familiar with auxiliaries or excipients which are suitable for the desired 
pharmaceutical formulations on account of his/her expert knowledge. In addition to solvents, gel for- 
mers, ointment bases and other active compound excipients, for example antioxidants, disperaants, 
emulsifiere, preservatives, solubllizers, colorants, complexing agents or permeation promoters, can be 
used. 

The administration of the pharmaceutical compositions according to the invention may be performed in 
any of me generally accepted modes of administration available in the art. Illustrative examples of 
suitable modes of administration Include intravenous, oral, nasal, parenteral, topical, transdermal and 
rectal delivery. Oral delivery is preferred. 

For the treatment of disorders of the respiratory tract, the compounds according to the invention are 
preferably also administered by inhalation In the form of an aerosol; the aerosol particles of solid, liquid 
or mixed composition preferably having a diameter of 0.5 to 10 prn, advantageously of 2 to 6 pm. 

Aerosol generation can be carried out, for example, by pressure-driven jet atomizers or ultrasonic 
atomizers, but advantageously by propellant-driven metered aerosols or propellant-free administration 
of micronized active compounds from inhalation capsules. 

Depending on the inhaler system used, in addition to the active compounds the administration forms 
^additionally contain the requiredexcipients. such as. for exam ple. proge»ante (e.g. Frigen in th e cas e of 
metered aerosols), surface-active substances, emulsifjers, stabilizers, preservatives, flavorings, fillers 
(e.g. lactose in the case of powder inhalers) or, if appropriate, further active compounds. 

For the purposes of inhalation, a large number of apparatuses are available with which aerosols of 
optimum particle size can be generated and administered, using an inhalation technique which is as 
right as possible for the patient In addition to the use of adaptors (spacers, expanders) and pear- 
shaped containers (e.g, Nebulator®, Volumatic©), and automatic devices emitting a puffer spray 
(Autohaler®), for metered aerosols, in particular in ifte case of powder inhalers, a number of technical 
solutions are available (e.g, Diskhaler®, Rotadisk®, Turbohaler® or the inhaler described in European 
Patent Application EP 0 505 321), using which an optimal administration of active compound can be 
achieved. 
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For the treatment of dermatoses, the compounds according to the invention are in particular administe- 
red in the form of those pharmaceutical compositions which are suitable for topical application. For the 

prodocrtiorrefme-pharmaceuticarro^ 

compounds) are preferably mixed with suitable pharm aceutical auxiliaries and further processed to give 
suitable pharmaceutical formulations. Suitable pharmaceutical formulations are, for example, powders, 
emulsions, suspensions, sprays, oils, ointments, fatty ointments, creams, pastes, gels or solutions. 

The pharmaceutical compositions according to the invention are prepared by processes known perse. 
The dosage of the active compounds is earned out in the order of magnitude customary for PDE inhibi- 
tors. Topical application forms (such as ointments) for the treatment of dermatoses thus contain the 
active compounds in a concentration of, for example, 0.1-99%. The dose for administration by 
inhalation Is customariy between 0.01 and 3 mg per day. The customary dose in the case of systemic 
therapy (p.o. or i.v.) is between 0.003 and 3 mg/kg per day. In another embodiment, the dose for ad- 
ministration by inhalation is between 0.1 and 3 mg per day. and the dose in the case of systemic 
therapy (p.o. or i.v.) is between 0.03 and 3 mg/kg per day. 
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Bfejflflisa! [avegtiflatTong 

— The^gcondrnessenger^ 

immunocompetent cells. .Th^DE4isoenzyme is broadly expressed in cells inv olved in th e initia tion 
and propagation of inflammatory diseases {H Tenor and C Schudt, in ^Phosphodiesterase inhibitors", 
21-40, „The Handbook of Immunopharmacology", Academic Press, 1996), and its inhibWon leads to an 
increase of the intracellular CAMP concentration and thus to the inhibition of cellular activation (JE 
Souness etal, f Immunopharmacology 47: 127-162, 2000). 

The antiinflammatory potential of PDE4 inhibitors in vivo in various animal models has been described 
(MM Teixeira, TiPS 18: 164-170, 1997). For the Investigation of PDE4 inhibition on the cellular level (fn 
vitro), a large variety of proinflammatory responses can be measured. Examples are the superoxide 
production of neutrophilic (C Schudt et af. p Arch Pharmacol 344: 682-690. 1991) or eosinophilic (A 
Hatzelmann et ah, Brit J Pharmacol 114: 821-831. 1995) granulocytes, which can be measured as 
Juminol-enhanced chemiluminescence, or the synthesis of tumor necrosis factor-a in. monocytes, 
macrophages or dendritic cells (Gantner et aL f Brit J Pharmacol 121: 221-231, 1997, and Pulmonary 
Pharmacol Therap 12: 377-386, 1999). In addition, the immunomodulatory potential of PDE4 inhibitors 
is evident from the inhibition of T-ceU responses like cytokine synthesis or proliferation (DM Essayan, 
Bfachem Pharmacol 57: 965-973, 1999). Substances which inhibit the secretion of the aforementioned 
proinflammatory mediators are those which inhibit PDE4. PDE4 Inhibition by the compounds according 
to the invention is thus a central indicator for the suppression of inflammatory processes. 

Methods for measuring inhibition of POE4 activity 

The PDE4B2 (GB no. M97515) was a gift of Prof. WL ContI (Stanford University, USA). It was amplified 
from the origina|.plasmid (pCMV5)-via-ECR with primers Rb9 (S^GCCAGCGXGCAAATAATGAAGGb^ 
3') and Rb10 (5 1 - AGAGGGGGATTATGTATCCAC -3') and cloned into the pGR~Bac vector (Invitrogen, 
Groningen, NL). 

The recombinant baculovirus was prepared by means of homologous recombination in SF9 insect cells. 
The expression plasmid was cotransfected with Bac-N-BIue (Invitrogen, Groningen. NL) or Baculo-Goid 
DNA (Pharmingen, Hamburg) using a standard protocol (Pharniingen, Hamburg). Wt virus-free 
recombinant virus supernatant was selected using plaque assay methods. After that, high-titre virus 
supernatant was prepared by amplifying 3 times. PDE was expressed in SF21 cells by infecting 2x10 s 
cells/ml with an MOI (multiplicity of infection) between 1 and 10 in serum-free SF900 medium (Life 
Technologies, Paisley, UK). The cells were cultured at 28°C for 48 - 72 houre, after which they were 
pelleted for 5-10 min at 1000 g and 4 fl C. 
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The SF21 insect cells were resuspended, at a concentration of approx. 10 7 cells/ml, in ice-cold (4°C) 
homogenfeatlon buffer (20 mM Tris, pH B.2, containing the following additions: 140 mM NaCI, 3.8 mM 
KCIrlnmMEG^ ~ 
10 hM ieupeptin, 1 0 iiNLpepstatin A, 5 ^Mirypsin Inhibitor) and disrupted by ultrasonication. The 
homogenate was then centriliiged for 10 min at 1000xg and the supernatant was stored at-60°C until 
subsequent use (see below). The protein content was determined by the Bradford method (BioRad, 
Munich) using BSA as the standard. 

PDE4B2 activity is inhibited by the said compounds in a modified SPA (scintillation proximity assay) 
test, supplied by Amersham Biosciences (see procedural instructions "phosphodiesterase [3H]cAMP 
SPA enzyme assay, code TRKQ 7090 H ), carried out in 96^/ell microtitre plates (MTP's). The test 
volume is 100 pi and contains 20 mM Tris buffer (pH 7.4), 0.1 mg of BSA (bovine serum albumin)/mt, 
5 mM Mg**, 0.5 nM cAMP (including about 50,000 cpm of [3H]cAMP), 1 \l\ of the respective substance 
dilution in DMSO and sufficient recombinant PDE (10Q0xg supernatant, see above) to ensure that 
1 0-20% of the cAMP Is converted under the said experimental conditions. The final concentration of 
DMSO in the assay (1 % v/v) does not substantially affect the activity of the PDE investigated- After a 
preincubation of 5 min at 37°C, the reaction is started by adding the substrate (cAMP) and the assay is 
incubated for a further 15 min; after that, it is stopped by adding SPA beads (50 *il). In accordance with 
the manufacturer's instructions, the SPA beads had previously been resuspended in water, but were 
then diluted 1:3 (v/v) in water; the diluted solution also contains 3 mM IBMX to ensure a complete PDE 
activity stop. After the beads have been segmented (> 30 min), the MTP's are analyzed in 
commercially available luminescence detection devices. The corresponding IC 60 values of the 
compounds for the inhibition of PDE activity are determined from the concentration-effect curves by 
means of non-linear regression. 

Exemplary inhibitory values determined for the compounds according to the invention follow from the 
following table At in whictrthernumbers of the compounds correspond to the numbers^ the-Examplesr- 



TableA 



Inhibition of the PDE4 activity 



Compound 


-log ICso 


I i 


the inhibitory 
values of 
these listed 
compounds 
are higher 
than 7.5 


2 


3 


4 


5 


6 



12S5EPORD01 2004*02 03 



055 18.02.2004 14:4( 



-48- 

EateflLStaima 




in which 

R1 is hydroxyl, 1-4C-aIkoxy, 3-70-^ycloalkoxy, 3-7C-cydoalky!methoxy, 2,2-difluoroethoxy, or 

completely or predominantly fluorine-substituted 1-4C-aIkoxy, 
R2 is hydroxyl. 1-4C-alkoxy, 3-7C-cyclaalkoxy, 3-7C-cycloalkylmethoxy, 2,2-difluoroethoxy, or 

completely or predominantly fluorine-substituted 1-4C-alkoxy, 
or in which 

R1 and R2 together are a l-2C-alkylenedioxy group. 
R3 is hydrogen or 1-4C~a1kyl f 
R31 is hydrogen or 1-4C-alkyl, 

either, in a first embodiment (embodiment a) according to the present invention, 

R4 Is -0-R41, in which _ _____ 

R41 is hydrogen, 1-4C-alkyl, completely or predominantly fluorine-substituted 1-40-alkyf, "MC-alkoxy- 

1-4C-alkyI, hydroxy-2-4C-alkyl or 1-7C-alky|carbonyl, and 
R5 is hydrogen or 1-4C-a!kyl, 

or, in a second embodiment (embodiment b) according to the present Invention. 
R4 is hydrogen or 1~40a|kyl, and 
R5 fs-o-R5i f in which 

R51 is hydrogen, l4c-alkyl, completely or predominantly fluorine-substituted -MC^alkyl, l-4C-alkoxy- 

1-4C-alkyl, hydroxy-2-4C-alkyl or 1-70-alkylcarbonyl, 
R6 is hydrogen, halogen, nitro, 1-4C-alkyi f trifluoromethyl or 1-4C-aIkoxy, 
R7 is a radical of formulae (a), (b)> (c) or (d) 
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L (a) _ <b)_: 1 W ... 



in which 

if R7 is a radical of the formula (b). 
either 

R8, R9, R10 and R11 independently of one another are hydrogen, 1-7C-a|ky|, 3-7C-cycloatkyl, 
3-7C<jycloalkylmethyl, cyano, hydroxy-2-4C-alkyl, 1^C-a|koxy-2-4<>alkyl or R28, 



or 



or 



RB is hydrogen, 1-7C-alkyl, S^C-cycloalkyl, a-7C-cycloalkylmethyl, hydroxy-2-4C-alkyi, 1-4C- 
a!koxy-2-4C-alkyI or R28, 

R9 is is hydrogen, 1-7C-alkyl, 3-7C-cycloallcyl, ^C-cycloalkylmethyl, hydroxy-2-4C-aikyl, 1-4C- 
a|koxy-2-4C-alky! or R28, and 

R10 and R11 f together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperidin-1-yI, azepan-1-yl r azocarv1-yl, azonan-i-yl, azecan-1*yl, moipholin-4-yl, tetra- 
hydroisoquinolin-2-yI, tetrahydro-ej-dimethoxyisoquinolin^-yl, 3,5-dimethyl-pyrazoM-yl, 
pyrazol-1-yl, 2,6-dimethyl-morpholin-4-yl, 2 t 6K«meWyl-piperidin-1~yl t 4~benzyi-piperidin~1-yl, 
thiomorpholin-4-yl or IH-l^.^triazoM-yl radical, or a piperazin-1~yl radical substituted in 4- 
position by R19, 

R8 is hydrogen, 1-7CValKy«, 3-7C-cyc]oalkyl, 3-7CH^doalkylmethyl, hydroxy-2-4C-alkyl, 
alkoxy-2-4C-alkyl or R28, 

R9 is hydrogen, 1-7C-aikyl, 3-7C-cycloaUcyl, 3-70<ycloalkyImethyl ( hydroxy-2-4C-alkyl, 1-4C- 
a!koxy-2-4C-alkyl or R28, 



R10 is hydrogen, 1-7C-a|kyl, 3-7C-cycloalkyi, S^C-cycloalkylmethyl, hydroxy-2*4C-alkyl, 1-4C- 
alkoxy-2*4CNalkyl or R28. and 

R11 is Aryh, naphthyl, phenyl, phenyl substituted by R20 and/or R21, phenyl-1-4C-alkyl or 
phenyl-1-4C-aIkyl substituted by R22 and R23, 

in which 

if R7 is a radical of the formula (c), 
either 

R12, R13, R14 and R16 independently of one another are hydrogen* 1-7CHalkyl, 3^7C-oyc|o- 
alky!, 3-7C-cycloalkylmethyl, hydroxy-2-40a|kyi, 1-4C-alkoxy-2-4C-alkyl or R28, 

or 

R12 and R13 independently of one another are hydrogen, 1-7C-aikyl, 3-7C-cycloaikyl, 
3.7C-cycloaikyimethyl, hydroxy-2-4C-alkyl, l-4C-alkoxy-2-4C-aikyl orR28, and 
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R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperidin-1-yl, azepan-1-yl, azocan-1-yi, azonan-1-yl, azecan-1-yi, rnorphoiin-4-yl, 
-tetrahydFoisoquinolin^^^ 

pyrazoM -yl, a. e-dimefliyl-mQrpholin^yl, 2 t 6-dimethyl-piperidin-1 -yl, 4-bej^piperidin-l-yl, 
thiomorpholin-4-yl or 1H-1,2,4-trtaoM-yl radical, or a piperazin-1-yl radical substituted in 4- 
position by R19, 

R12 and R13, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
dine. piperidin-1-yl, azepan-l-yl, morpholino^yl, 4-(1-40aIkyl->piperazin*1-yl t 2,6-dimethyl- 
morpholin-4-yl, 2,6<iimethyl-piperidirh1-yl f 4~be n zyWpendin-1-yl or thiomorpholin-4-yl radical, 
and 

R14 and R15 f together and including the nitrogen atom to which both are bonded, are a pyrrole 
din-1-yt, piperidin-1-yl, azepan-1-yl, morpholincM-yi, 4-(1^4C-alky|.)-piperazin-1-yf T 2,6-dimethyf- 
morpholin^yl, 2,6^imethyl-piperidin-1-yl 1 4-benzyf-piperidin-1-yl or thiomorphofin-4-yl radical, 

R12 and R15 independently of one another are hydrogen or -MC-alkyl, and 
R13 and R14, together and with inclusion of the N-C(=)-N structure to which they are bonded, 
are a hexahydropyrimidin-2-ylidene or Imidazolidin-2-ylidene radical, 

in which 

if R7 fe a radical of the formula (d), 

R16 is hydrogen, 1-7G*lkyI. 3-7C-cycloalkyl, 3-7C-cycloalkylmethyl, hydroxy-2-4C-alkyl, 1-4C- 
alkoxy-2-40alky| or R28, and 

R17 and R1B, together and with inclusion of the N-C(-)-N structure to which they are bonded are 
Aryl2, 

Aryll is 4«methylthiazol-2-y), benzimidazol-2-yl, 5-nitrQben2imidazol-2-yl, 5-chloroben2imidazol-2«yl, 
S-methylbenzl mldazol^yl, 4-methyiquinazojin-2-yl L be repthiazol-2-yl, benzoxa zol-2-yl or pyrimi- 
din-2-yl, 

Aiyl2 is l-methyW-oxo-^.S-dihydro-IH-imidazol^-yl, lmidazol-2-yi, ^S-dicyano-imidazoW-yi, 4nme~ 
thyWmjdazoI-2-yi, 4-ethyl-benzimidazoi-2-yl f 4-aretyl-imidazol-2-yl, 1H-[1,2,4]triazol-3-yl, ben*- 
imidazol-2-yl, 1-methyl-benzimidazol-2-yl, l-ethyl-benzimidazol-2-yl, 5,6-dimethyl-benzlmfdazol- 
2-yi, purin-8-yl, 6^mlno-7^methyh7H-purine-8-y|, 1,6-<Jimethylimidazo[4,5-b]pyridin-2-yl, 1,5,6- 
trimethylimidazo[4,5-b]pyridin-2-yi ( 1 ,3<fimethyI-3,7-dihydro*1 H-purine-^Q^ione-S-yl, 7-ethyl^3- 
methyl-SJ-dihydro-purine-a^-dione-a-yl. 1 ,3 t 7-trimethy|-3,7-dihydro-purine-2.6«dione-a-yl, thla- 
diazolyl, 1,4-dihydrotetrazol-S-yl, 1H-ri I 2 l 4]triazof-3.yI l 1,3-dihydrobenzimidazo!-5-yl, 1H-tetiazoi- 
5-y|, pyrimid[n-2-yl or 4,6-dimethyl-pyrimidin-2-yl l 

R19 is l-4C-alkyl, formyl, 3-7C-eydoalkyl, 3-7C-cycloalkylmethyl t 1-4C-alkoxycarbonyl«1-4C-alkyi f 1- 
4C-alkylcarbonyl, hydroxy-2-4C-alkyl, 1-4C-alkoxy^2-4C-alkyi, hydroxy^C-aikoxy^C^alkyi, 
I^C-alkoxy^C-alkoxy^C-alkyl, phenyl, phenyl substituted by R24 and/or R25 f 



or 



or 
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[benzo(l,3)dioxol]-5-ylmethyl, phenyl-1-4C-alkyl or phenyl-1-4C-alkyl substituted in the phenyl 

moiety by R26 and/or R27, 

R20^s+a|c>ger» r nilTOrcarboxytr+^alkyHrifIuoro 

R21 is halo gen, 1^C-alky]or 1 -40-alkoxy, 

R22 Is halogen, nitro, carboxyl, 1-4C-alkyl, trifluoromethyl or 1-4C~alkoxy, 
R23 Is halogen, 1 ^C-alkyl or l-4C^lkoxy ( 

R24 is halogen,.nltro. carboxyl. 1-4C-alkyl, 1-4C-alkylcarbonyl, trifluoromethyl or 1-4C-alkoxy, 
R25 is halogen, 1-4C-atkyl or 1-4C-alkoxy, 

R26 is halogen, nitro, carboxyl. 1-4C-alkyl, trifluoromethyl or l-4C-alkoxy, 
R27 is halogen, 1-4C-alkyl or 1-4C-alkoxy, 
R28 jsR29(R30)N-2-4C-alkyl wherein 

R29 and R30, together and including the nitrogen atom to which both are bonded, are a pyrrolidin-1-yl, 
piperidin-1-yl, piperazin-1-yl, 4-d-4C-alkyl-)piperazin-1-yl, azepan-1yl. azocan-1-yl, azonan-1-yl, 
azecan-1-yl, tetrahydrofsoquinolin-2-yl, tetrahydn>6,7-dimethoxyisoquinolin-2-yi. 3.5-dimethyl- 
pyrazol-1-yl. pyrazol-1-yl, morpholin-4-yl, 2,6-dimethyI-morpholin-4~yi. 2,6-dlmethyl-piperidin-l-yl. 
4-benzyl-piperidin-1-yl, thiomorpholin-4-yl or 1H-1.2.44rlazol-l-yl radical, 

the salts of these compounds, as well as the N-oxides, enantiomers, BZ isomers and tautomers of 

these compounds and their salts. 

2. Compounds of formula 1 according to claim 1 in which 

R1 is 1-2C~alkoxy, 3-SC-cycloa!koxy, 3-5C-cyc|oalkylmethoxy, 2,2-difiuoroethoxy, or completely or 

predominantly fluorine-substituted 1-2C-alkoxy, 
R2 is 1-2C-alkoxy, 3-5C-cycloalkoxy, 3-5C>cycloalkyimethoxy, 2,2-difluoroethoxy, or completely or 

predominantly fluorine-substituted 1-2C-alkoxy, 
R3 is hydrogen, 
R31 is hydrogen, 

either. ir±a^t.eir^djment(e^ a) according to the present jnvention , 

R4 is-0-R41, in which 

R41 is hydrogen or ■MC-alkylcarbonyl, and 

R5 is hydrogen, 

or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 is-0-R51, in which 

R51 is hydrogen or 1-4C-alkylcarbonyl, 

R6 is hydrogen, halogen, nitro, l-4C~alkyl, trifluoromethyl or l-4C-alkoxy, 
R7 is a radical of formulae (a), (b), <c) or (d) 
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'a Rll R10 MS R14 

in which 

if R7 fs a radical of the formula (b), 
either 

R8 is hydrogen, and 

R9, R10 and R11 independently of one another are hydrogen. 1-4C-alkyl, 3-7C-cyc|oaIkyl or 
3-7C^c!oalkylmethyI f 



or 



or 



R8 is hydrogen, 

R9 is hydrogen, *l-4c-alkyl, 3-7C-cycIoalkyl or 3.7C-cycloalkyImethyl, and 
R10 and R11. together and including the nitrogen atom to which both are bonded, are a pyrrolr- 
din-1-yl, piperidin-1-yl, azepan-1-yl, azocan-l-yl, azonan-1-yl, azecan-l-yl, morpholin-4-yl, tetra- 
hydroisoqufnolin-2-yl, a^-dimethyl-pynazol-l-yl, pyrazoM-yl, 2,6-dimethyl-morphoIin-4^yl or 2,6- 
dimethyl-piperidin-l-yl radical, or a piperazin-1-yl radical substftuted in 4-position by R19, 

R8 is hydrogen, 

R9 is hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl or 3^7C-cycloalkylmethyl t 

R10 is hydrogen, 1-7C-alkyl» 3-7C-cycIoaIkyl or3-7C^cycloalKylmethyl f and 

R11 is Aryll, naphthyl, phenyl, phenyl substituted by R20 and/or R21, phenyH-4C-a|ky! or 

phenyl-1-40alkyl substituted by R22 and R23, 



jn which 

if R7 is a radical of the formula (c), 
either 

R12, R13, R14 and R15 independently of one another are hydrogen, 1-4C-alkyI, 3-7C-cycloaIkyl 
or 3-7C"Cycloalkylmethy1, 



or 



R12 and R13 independently of one another are hydrogen, 1-4C-alky| t 3-7C-cycloalkyl or 
3-7C-cycloalkyImethyi, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl, piperidin-1-yl, azepan~1-yl v azocan-1-yi, azonan-1-yl, azecan-1-yl, morpholin-4-yl, 
tetrahydroisoquinolin-2-yJ, 3,5-dimethyf-pyrazoH^I, pyrazol-1-yl, 2,6-dimethyI-morpholin-4-yl or 
2,6-<limethyl-piperidin-1-yl radical, or a piperazin-1-yl radical substituted in 4-positfon by R19, 



or 
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R12 and R13, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl. piperidin-1-yl, a2epan-1-yl, morpholjno-4-yl, 4-(1-4C-alkyl-)-piperazin~1-yl, 2,6-dimethyl- 

morpholin^yho^e^imethyMperidin-^yhadicalrand 

R14 and R15, together and including the nitrogen_atorn to which both are bonded, are a pyrroli- 
din-1-yl, piperidin-1-yl, azepan-1-yl, morpholino-4-yl. 4-(1-40alky!«)-piparazin-1-yl. 2,6-dimethyl- 
morpholin-4-yl or 2,6-dimethyl-plperidin-l-yl radical, 

or 

R12 and R15 independently of one another are hydrogen or 1-4C-alkyl, and 

R13 and R14, together and with inclusion of the N-C(=)-N struoture to which they are bonded, 

are a hexahydropyrimidin-2-ylidene or imidazolidin-2-ylidene radical, 

in which 

if R7 is a radical of the formula (d), 
R16 is hydrogen, and 

R17 and R18, together and with inclusion of the N-C(-)-N structure to which they are bonded are 
Aryi2, 

Aryll is 4-methylthlazol-2-yl, benzimidazol-2-yl, 6-nitrobenzimidazol-2-yl, 5-chlorobenzimidazol-2-yl, 
5-methylbenzimidazoi-2-yl. benzothiazoJ-2-yi or benzoxazol-2-yl, 

Ary|2 is i.methyl-4-oxo-4,5-dihydro-1H-im?dazol-2-yl. imidazol-2-yl. 4.5*Jicyano-imidazol-2-yl, 4-me- 
thyl-imidazol-2-yl, 4-ethyl-benzimidazol-2-yl. 4-acetyl-imidazol-2-yl, 1H-I1,2,4]triazol-3-yl, benz- 
imidazol-2-yl. 1-methyl-benzimidazoI-2-yl, l-ethyl-benzimidazol-2-yl, 5,6-dimethyl-benzimidazol- 
2-yl, purin-8-yI, 6-amino-7-methyt-7H"puhne-8-yl, 1,6-dimethylimidazo[4,5-blpyridin-2-yl, 1,5.6- 
trimethylimidazo[4,S-b]pyridin-2-yl, 1,3-dimethyl-3.7-dihydro-1H-purine-2,6-dione-8-yl, 7-ethyl-3- 
methyW.7-dihydro-purine-2,6-dione-8-yl, 1,3,7-trimethyl"3 t 7^ihydro-purine-2,e-dione-8-yl or 1H- 
[1,2,4]triazol-3-yl, 

R19 is 1-4C-alkyl, fbrmyl, 1^C-alkytaait>onyl, 2-hydroxyethyl. phenyl, phenyl substituted by R24 

and / or R25, P henv H~4C-aikyl or phenyl-1-4C- alkyl substituted in the phenyl moiety by R26 

and/or R27, 

R20 is halogen, nitro, 1-4C-alkyl or 1-4C-alkoxy, 

R21 is halogen. 1-4C~alkyl or l-4C-alkoxy, 

R22 is halogen, nitro, 1-4C-alkyl or 1-4C-aikoxy, 

R23 is halogen, l-4C-alkyl or 1-4C-alkoxy, 

R24 is halogen, nitro, carboxyl, 1-4C-alkyl or l-4C-alkoxy, 

R25 is halogen, 1-4C-alkyl or 1-4C-alkoxy. 

R26 is halogen, nitro, 1-4C-alkyl or 1-4C-alkoxy, 

R27 is halogen, 1-4C-alkyl or 1-4C-alkoxy, 

the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomers of 
these compounds and their salts. 
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3. Compounds of formula 1 according to claim 1 or 2 in which 

R1 is 1-2C-alkoxy, 2,2-difIuoroethoxy, or completely or predominantly fluorine-substituted 
1-2e-alkoxy p . 

. R2 _ is 1-.2C-alK0)9r u 2,2-dmuorgethoxy, or completely or predominantly fluorine-subatituted 
1-2C-alkoxy, 
R3 is hydrogen. 
R31 is hydrogen, 

either, in a first embodiment (embodiment a) according to the present invention, 

R4 is-Q-R41,inwhich 

R41 is hydrogen or 1-4C-aIIcylcarbonyl ( and 

R5 is hydrogen, 

or, in a second embodiment (embodiment b) according to the present invention, 

R4 is hydrogen, and 

R5 is -0-R51 , in which 

R51 is hydrogen or 1 -4C-alkylcarbonyl, 

R6 is hydrogen, 

R7 is a radical selected from 
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H 2 N 



the salts of these compounds, as well as the N-oxides, enantiomers, E/Z Isomers and tautomers 
these compounds and their salts. 

4. Compounds of formula 1 according to any of Hie preceding claims in which 

R1 is 1-2C-alkoxy, or completely or predominantly fluorine-substituted 1-20alkoxy, 

R2 is 1-2C~alkoxy f or predominantly fluorine-substituted 1-20-alkoxy, 

R3 is hydrogen, 

R31 is hydrogen. 

R4 is -0-R41 , in which 

R41 is hydrogen or 1 -4C-alkylcarbonyl, and 

R5 is hydrogen, 

R6 is hydrogen, 

R7 is a radical of formula (c) 



— RlZlshydrogen; " 
R13 is hydrogen, 

R14 is hydrogen or 1-4C-a|kyl. and 
R15 is 1-4C-alkyl or3~7C-cycloalkyl, 

or 

R12 is hydrogen, 
R13 is hydrogen, and 

R14 and R15, together and including the nitrogen atom to which both are bonded, are a pyrroli- 
din-1-yl. piperidin-1-yl azepan-1-yl ( azocan-1-yi ( azonan-1-y) or morpholfn^yl, radical, or a 
piperazin-1-yl radical substituted in 4-po$ition by R19, in which 
R19 is 1-4C-alkylcarbonyl, 

the salts of these compounds, as well as the N-oxides, enantiomers, E/Z isomers and tautomere of 
these compounds and their salts. 



T 



R12 



R15^ ^R14 




in which 
either 



Mi_ i nnn rnnrsi'in n«o 
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5. Compounds of formula 1 according to any of the claims 1 to 4, whfch have with respect to the 
-posttfops^a^ncHBIHhe^nfi^^ 




the salts of these compounds, as well as the N-oxides, enantiomers, EJZ isomers and 
these compounds and their salts. 



tautomers of 



6. Compounds of formula 1 according to any of the claims 1 to 5, which have with respe ct to the 
positions 2, 4a and 10b, or, respectively, 3. 4a and 10b the configuration shown either in formula 1a' 
or in formula 1b 





the salts of these compounds, as well as the N-oxides, E/Z isomers and tautomers of these 
and their salts. 



7. Compounds of the formula 1 according to claim 1 for use in the treatment of diseases. 



compounds 



8. A pharmaceutical composition comprising one or more compounds of formula 1 accc rding to 
claim 1 together with customary pharmaceutical excipients, diluents and/or vehicles. 
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9. The use of compounds of formula 1 according to claim 1 for the production of pharmaceutical 
compositions for treating respiratory disorders. 

10. The use of compounds of formula 1 according to claim 1 for the production oLpharmaceutical 

compositions for treating PDE-mediated disorders. 

11. A method for treating illnesses in a patient comprising administering to said patient a 
therapeutically effective amount of a compound of formula 1 as claimed in claim 1. 

12. A method for treating airway disorders in a patient comprising administering to said patient a 
therapeutically effective amount of a compound of formula 1 as claimed in claim 1 . 
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Abstract 



"Compounds of a certain formula 1, in WhicrTRt, R2, R3, R317R4, R5.R6 and R7 have the meanings - 
indicated in the desripfion, are novef effective PDE4 Inhibitors. 



